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Providence,  March  23,  1900.* 
Bird  S.  Coler,  Comptroller , 

Department  of  Finance, 

New  York  City: 

Sir — I  have  the  honor  to  make  the  following  report  in  reply  to  your 
oral  request  of  August  24,  1899,  that  I  investigate  the  present  condition  of 
the  water  supply  of  New  York  City  with  particular  reference  to  the  follow- 
ing points: 

First — Capacity  and  adequacy  of  the  present  sources  of  supply  com- 
pared with  the  consumption  at  present  and  in  the  near  future. 

Second — Amount  of  waste  and  extent  to  which  it  is  practicable  to  pre- 
vent this  waste,  and  thus  keep  the  draft  for  a  long  time  to  come  within  the 
capacity  of  the  sources  now  owned  by  the  City. 

Third — Sufficiency  of  pressure  and  volume  of  present  water  supply  for 
lire  protection. 

Fourth — Best  means  of  adding  to  present  water  resources  when  occasion 
requires,  with  a  view  even  toward  the  Adirondacks  or  the  Great  Lakes  for 
the  very  distant  future. 

Fifth — Advantages  and  disadvantages  of  the  additional  source  of  water 
supply  from  Esopus  Creek,  proposed  by  the  Ramapo  Company. 

It  is  but  just  to  yourself,  in  view  of  recent  events,  for  me  to  record  your 
earnest  expression  to  me  that  you  were  not  asking  for  evidence  to  be  col- 
lected with  a  view  to  sustaining  your  personal  views,  but  that  what  you 
wanted  was  a  fair-minded  determination  of  the  truth  by  an  engineer  familiar 
with  water  supply  and  removed  from  local  prejudices — "  to  get  together  as 
much  reliable  information  on  New  York's  need  for  more  water  as  is  possible 
in  the  time  available,  and  present  it  without  reserve." 


•With  notes  added  later  while  correcting  proof  sheets. 


In  fairness  to  myself  it  must  be  explained  to  those  not  familiar  with 
investigations  for  water  supply,  that  the  time  and  means  at  my  disposal  have 
not  been  sufficient  for  an  exhaustive  examination  of  the  possible  new  sources 
of  supply,  nor  for  attaining  that  degree  of  precision  in  the  estimates  that  I 
would  have  preferred,  and  the  time  has  also  proved  insufficient  for  a  com- 
plete study  of  the  Brooklyn  and  Staten  Island  water  supplies  or  the  manifest 
defects  in  the  pipe  systems;  yet,  I  trust  that  a  positive  answer  has  been  found 
for  your  fundamental  questions  and  that  the  evidence  collected  is  sufficient 
to  be  clear  and  convincing  upon  the  following  points:  In  the  appendices  to 
the  report  I  have  stated  data  and  arguments  with  more  than  ordinary  fullness 
in  order  that  the  margin  of  uncertainty  may  everywhere  be  clearly  seen  and 
that  the  figures  and  conclusions  may  be  easily  verified  or  criticized  by  other 
.  investigators  in  this  field. 

Conclusions — Stated  Briefly. 

First — Although  the  consumption  will  very  soon  be  uncomfortably  close 
to  the  safe  limit,  with  prudent  management  and  with  moderate  and  practicable 
restriction  of  waste,  the  Croton  Watershed,  supplemented  as  now  by  the  Bronx 
and  Byram  watersheds,  can  furnish  a  safe  and  ample  supply  for  the  borouglts 
of  Manhattan  and  The  Bronx  for  five  years  to  come;  thus  giving  a  short  but 
adequate  time  in  which  to  build  works  for  an  additional  supply,  . 

Second — If  the  public  is  ready  to  consent  to  the  complete  introduction  of 
domestic  meters  and  if  the  administration  will  earnestly  and  skilfully  under- 
take the  saving  of  water-waste  in  schools  and  public  buildings  and  will  earn- 
estly and  skilfully  make  such  investigation  of  the  locality  of  the  present  pipe 
leakage,  as  is  practicable  by  closing  existing  gates  and  measuring  the  night 
flow  in  various  sections  by  simple  means  without  expensive  new  appliances ; 
and  will  then  diligently  seek  and  mend  the  worst  of  these  leaks,  at  a  very 
moderate  total  expense,  then  the  safe  limit  of  the  present  supplies  could  be 
extended  to  lo  years  hence,  with  present  rate  of  growth. 

One  year  is  a  very  brief  time  for  the  necessary  surveys — and  five  years 
an  almost  impossibly  short  time  for  building  proper  aqueducts  and  dams. 

Third — The  preliminary  steps  should  immediately  be  taken  toward  the 
acquisition  of  an  additional  supply  on  a  comprehensive  scale,  capable  of  sup- 
plying 150  million  gallons  at  the  start,  and  ultimately  yielding  at  least  500 
million  gallons  per  24  hours  (preferably  750),  and  surveys,  borings  and  river 
gaugings,  with  analysis  of  water  samples,  by  20  or  more  field  parties,  over 
nearly  all  the  grounds  covered  in  the  reconnaissance  described  in  the  follow- 
ing appendices,  should  be  begun  during  the  present  summer  so  that  con- 
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struction  may  be  begun,  if  possible,  early  in  the  spring  of  1901  or  not  later 
than  1902. 

While  there  is  ample  proof  that  more  than  half  of  the  water  now  deliv- 
ered by  the  New  York  and  Brooklyn  aqueducts  is  wasted,  the  total  per  capita 
consumption  of  water,  including  waste,  in  New  York  and  Brooklyn,  is  to-day 
smaller  than  in  Boston,  Philadelphia,  Washington,  Buffalo,  Albany,  Pitts- 
burgh, Chicago,  Cleveland,  Detroit,  Denver,  and  certain  other  large  Ameri- 
can cities,  and  it  appears  plain  from  reasons  given  later,  that  the  hope  of 
restricting  waste  does  not  justify  delay  in  making  sure  of  an  adequate  additional 
supply. 

Fourth — ^The  work  of  the  Water  Department  in  the  location  and  pre- 
vention of  waste  should  be  reorganized  and  carried  on  more  skilfully  and 
earnestly  than  heretofore.  The  city  divided  into  districts,  the  statistics  of 
average  consumption  and  night  consumption  in  bulk  and  per  capita  obtained 
and  classified.  The  metered  use  better  classified  and  the  whole  statistics 
published  annually  in  such  form  that  comparisons  of  economy  can  be  easily 
and  intelligently  made. 

Fifth — If,  from  legislative  or  other  causes,  there  has  to  be  delay  in  secur- 
ing a  moderate  additional  supply,  then  a  thorough  system  of  waste-preven- 
tion, beginning  properly  with  a  meter  on  every  domestic  service,  must,  of 
necessity f  be  begun  at  ofice  or  danger  of  a  water  famine  invited. 

Sixth — For  the  proper  and  reasonable  protection  of  the  entire  city 
against  fire  and  for  the  greater  convenience  and  economy  of  the  house- 
holders I  would  earnestly  recommend  that  all  new  work  in  supply  and  dis- 
tribution of  water  tend  toward  providing  a  pressure  or  head  of  300  feet  above 
sea  level  at  the  city  limits  (near  Yonkers)  for  any  new  supply  from  the  north, 
and  (ultimately)  a  pressure  of  100  pounds  to  the  square  inch  above  street  level 
at  the  City  Hall,  and  that  requirements  for  plumbing  and  all  pipe  laying  be 
carried  forward  with  a  view  to  the  gradual  increase  of  pressure  toward  this 
limit  reaching  it,  say,  15  or  20  years  hence.  Recent  experience  in  Syracuse 
proves  that  such  a  change  of  pressure  is  entirely  possible  without  great  dis- 
turbance or  inconvenience. 

Scz'enth — I  find  the  price  proposed  by  the  Ramapo  Company  exorbitant 
and  that  this  source,  while  good  in  some  ways,  is  less  desirable,  of  smaller 
capacity  and  more  expensive  than  other  sources  that  can  probably  be 
obtained. 


Stating  some  of  the  conclusions  with  a  little  more  detail,  we  find : 

Present  Sources,  Yield,  Use  and  Waste, 

(A)  The  safe  yield  of  all  sources  at  present  controlled  by  the  city  and 
available  for  the  supply  of  the  boroughs  of  Manhattan  and  The  Bronx,  con- 
sisting of  the  Croton,  Bronx  and  By  ram  watersheds,  with  all  present  reser- 
voirs and  including  the  Croton  and  Jerome  Park  Reservoirs  now  under  con- 
struction, cannot  be  prudently  relied  upon  in  years  of  extremely  low  rainfall 
to  furnish  an  average  supply  of  more  than  290  million  gallons  per  24  hours. 

(B)  The  average  daily  consumption  of  water  by  the  boroughs  of 
Manhattan  and  The  Bronx  during  the  past  year  (1899)  averaged  246 
million  gallons  per  24  hours,  and  for  four  years  past,  has  steadily 
increased  at  the  rate  of  15  million  gallons  per  day  from  one  year  to 
the  next.  At  the  same  rate  of  increase  the  full  safe  permanent  capa- 
city of  the  above-named  sources,  with  their  new  reservoirs  completed,  will  be 
reached  in  three  years,  while  with  extreme  care  and  a  moderate  amount  of  waste- 
restriction  they  can  prudently  be  made  to  serve  for  five  years, 

(C)  The  present  waste  of  water  amounts  to  surely  one-half,  and  probably 
two-thirds  of  the  entire  amount  of  water  delivered  to  the  Borough  of  Man- 
hattan. A  large  part  of  this  waste  is  underground,  at  unknown  localities 
along  about  850  miles  of  pipe  and  on  120,000  service  pipes.  Many  of  the 
large  leaks  could  doubtless  be  found  and  cured  by  a  year  or  two  of  systematic 
work,  but  the  many  thousands  of  small  leaks  would  require  many  years  for 
definite  location  and  cure,  and  a  small  part  of  this  underground  leakage  is 
absolutely  incurable. 

(D)  With  all  their  waste,  New  York  and  Brooklyn  now  consume  less 
water  per  inhabitant  per  day  than  the  other  large  American  cities. 

(E)  Only  in  proportion  to  the  application  of  water  meters  to  substan- 
tially all  service  pipes,  is  it  reasonable  to  expect  to  obtain  any  large  per- 
manent reduction  of  the  present  waste  due  to  poor  plumbing  and  careless- 
ness ;  and  without  metering  all  taps  it  is  impossible  to  discover  the  location 
of  the  greater  portion  of  the  leakage  from  street  mains  and  defective  and 
abandoned  service  pipes. 

(F)  Public  opinion,  as  we  find  it  to-day  in  New  York  and  all  the  other 
largest  American  cities,  probably  will  not  sustain  the  metering  of  all  domestic 
supplies. 


(G)  It  endangers  the  public  welfare  to  be  too  hopeful  about  restricting 
waste  or  to  expect  New  York  to  lead  all  other  large  American  cities  in  a 
great  restriction  of  water-waste,  because  with  these  hopes  unfulfilled  and  res- 
ervoirs emptied  the  disaster  would  then  be  beyond  remedy. 

Taking  public  sentiment  and  the  practical  management  of  water  dis- 
tribution as  we  find  it  to-day  in  New  York  and  in  nearly  all  the  other  large 
American  cities,  and  considering  that  the  present  supply,  with  all  its  waste, 
costs  for  all  domestic  purposes  only  one  dollar  per  inhabitant  per  year,  and 
that  the  utmost  additional  supply  desired  can  probably  be  had  for  70  cents 
per  present  inhabitant  per  year,  the  hope  of  restricting  waste  does  not  justify 
any  delay  in  procuring  a  large  additional  supply. 

(H)  The  construction  of  the  Cross  River  Reservoir,  in  the  Croton 
Watershed  now  urged  by  the  Department  of  Water  Supply  is  utterly  inade- 
quate for  the  required  increase  and  more  storage  in  the  Croton  Watershed 
is  not  advisable  at  present,  because  proportionately  much  more  water  for  the 
money  can  be  obtained  as  a  part  of  a  broader,  more  comprehensive  project. 
Legislature  authority  ought  to  be  secured  and  surveys  ought  to  be  begun  at 
once  looking  toward  beginning  the  work  of  construction  in  the  spring  of 
1 90 1  for  an  additional  supply  of  water  for  all  the  Boroughs  of  Greater  New 
York.  The  first  installation  should  be  at  least  150  million  gallons  daily.  The 
studies  for  this  additional  supply  should  be  on  a  broad,  comprehensive  plan, 
seeking  sources  capable  of  being  ultimately  developed  to  yield  500  million, 
or  preferably  750  million  gallons  per  day,  in  addition  to  all  that  the  munici- 
pality now  owns. 

Available  Additional  Sources. 

(I)  The  cheapest  and  most  available  source,  by  far,  if  the  Connecticut 
Legislature  will  co-operate  is  permitting  it  to  be  obtained,  is  the  Ten  Mile 
river  combined  with  the  Upper  Housatonic,  which,  with  no  expense  for 
pumping  and  with  comparatively  short  aqueducts,  will  deliver  750  million 
gallons  (and  possibly  800  million  gallons)  per  day  by  gravity  flow,  in  the  very 
driest  years,  at  the  city  limits,  from  a  large  new  distributing  reservoir,  at  a 
hydraulic  grade  of  300  feet  above  sea  level,  at  a  cost,  which,  if  reckoned  on 
the  whole  quantity,  will  probably  not  exceed  $10  per  million  gallons,  even  if 
land  and  water  damages  are  extravangantly  high. 

This  whole  800  million  gallons  per  day  of  Housatonic  water  can  be 
delivered  in  New  York  for  about  one-half  the  total  annual  expenditure  that 
the  200  million  gallons  per  day  from  the  Esopus,  and  its  connecting  water- 
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sheds  would  have  cost  on  the  terms  tendered  by  the  Ramapo  Company  and 
with  greater  certainty  of  delivery  in  years  of  low  rainfall,  and  much  greatei 
safety  of  structures. 

(J)  Various  other  good  water  sources  can  be  secured  if  the  offer  of  a 
generous  purchase  price  fails  to  obtain  from  the  citizens  of  Connecticut  rights 
to  divert  the  Housatonic  and  Ten  Mile  rivers. 

(K)  Esopus  Creek,  the  principal  source  offered  by  the  Ramapo  Com- 
pany for  a  supply  of  200  million  gallons  per  day,  if  provided  with  the  reser- 
voirs indicated  by  the  location  plans  filed  by  the  Ramapo  Company  in  the 
County  Clerk's  office,  and  of  the  sizes  and  elevations  estimated  in  the  report 
to  you  by  George  S.  Rice,  C.  E.,  August  29,  1899,  could  alone  probably 
supply  in  years  of  extreme  low  rainfall  not  more  than  100  million  gallons  per 
dav  without  reinforcement  from  other  rivers  or  streams. 

Erom  a  personal  examination  of  the  Esopus  dam  sites,  I  find  the  most 
of  them  appear  so  very  unfavorable  for  high  dams  and  large  reservoirs  that 
I  consider  100  million  gallons  per  day  the  very  largest  safe  yield  that  we  are 
justified  in  reckoning  on  as  available  from  the  Esopus  prior  to  thorough 
exploration  by  deep  borings  at  these  dam  sites  and  complete  surveys  of  capa- 
citv. 

I  find  every  dam  site  on  the  Esopus  Creek,  excepting  that  for  the  Olive  Reservoir,  to  be 
apparently  of  a  very  doubtful  character  in  depth  of  foundation  for  high  dams  and  in  tightness  of 
wings  or  earth  abutments,  requiring  utmost  precaution  and  very  careful,  expensive  construction, 
to  not  endanger  the  safety  of  the  whole  valley  below. 

By  building  the  dams  higher  than  proposed  by  the  Ramapo  Company,  if  deep  borings  show 
this  to  be  safe,  by  flowing  out  the  thriving  village  of  Shokan  and  by  flowing  out  the  present  rail- 
road location,  the  Esopus  might,  with  great  disturbance  of  population  and  the  flooding  of  a  large 
proportion  of  all  the  good  land  in  the  valley,  be  given  storage  sufiicient  at  most  for  a  safe  yield 
of  150  million  gallons  per  day,  or  could,  by  long  and  expensive  tunnels  from  the  head  waters  of 
Esopus  to  the  head  of  Schoharie  Creek,  including  Batavia  Kill,  be  made  to  furnish  somewhere 
between  200  million  gallons  and  250  million  gallons  per  day  from  these  three  streams  combided.* 

(L)  The  cost  of  a  daily  supply  of  200  million  gallons  of  water  from 
Esopus  Creek  and  its  connecting  watersheds  suggested  by  the  Ramapo 
Company,  if  developed  by  the  City  under  ordinary-  methods,  for  all  interest, 
depreciation,  care  and  maintenance,  and  for  a  sinking  fund  which  in  forty 
years  at  3  per  cent,  interest  would  pay  off  all  bonds  required  for  entire  cost 
of  construction,  turning  the  whole  over  free  and  clear  to  the  City  in  excellent 
repair,  would  be  probably  less  than  $30  per  million  gallons,  which  is  less 
than  one-half  the  price  stated  in  the  proposed  Ramapo  contract,  under  which 
the  City  would  possess  neither  the  works  nor  a  contract  for  their  water  at  the 
end  of  the  forty  years. 

*  While  Esopus  water  is  nine  times  out  of  ten  found  clear  and  sparklinj?,  it  is  very  turbid  in 
the  spting  freshets  and  after  rains  from  the  wash  of  red  clay  which  is  very  slow  in  subsidence.  The 
stream  now  being  rapid  quickly  runs  clear. 


Omitting  the  sinking  fund  provisions  and  thus  performing  precisely 
the  service  proposed  by  the  Ramapo  Company  with  works  built  by  the 
City  itself,  it  would  probably  cost  the  City  only  about  $20  per  million  gallons 
for  this  Esopus  and  adjacent  water  for  which  $70  per  million  was  to  be 
charged. 

Water  supply  developed  on  the  large  scale,  with  present  low  rates  of 
interest,  from  any  favorable  source  is  wonderfully  cheap. 

(M)  While  the  Legislature  of  the  State  of  New  York  cannot  give  to 
your  City  the  right  to  divert  the  water  of  the  Upper  Housatonic,  and  per- 
haps not  the  full  rights  to  divert  the  Ten  Mile  river,  the  ease  with  which 
similar  questions  have  been  settled  in  the  case  of  the  diversion  of  a 
portion  of  waters  of  the  Nashua  river  from  New  Hampshire  for  an  addition 
to  the  supply  of  Boston,  and  the  promptness  with  which  rights  were  secured 
and  settlement  made  for  the  diversion  of  a  portion  of  the  waters  of  the  Black- 
stone  river  from  many  Rhode  Island  mill  sites,  for  the  public  water  supply  of 
Worcester,  Mass.,  gives  confidence  that  these  rights  can  be  secured  on  the 
basis  of  ordinary  business  procedure,  by  paying  generously,  and,  on  the 
whole,  come  out  nearlv  as  well  as  in  seizure  under  eminent  domain.  It  is  also 
believed  that  constitutional  authority  can  be  found  for  this,  and  that  in  a 
neighborly  spirit  the  State  of  Connecticut  will  grant  any  power  needed  for 
New  York  to  complete  and  perfect'  its  title  without  hindrance  from  any  few 
adverse  interests,  so  soon  as  full  and  generous  payments  for  all  injuries  to  the 
property  or  prospects  of  its  own  citizens  are  made  secure.  Possibly,  also, 
terms  could  be  arranged,  fair  and  advantageous  to  both  States,  by  which  a 
transfer  of  the  State  boundar}'  line  could  be  made,  such  that  the  proposed 
Housatonic  Reservoir  would  lie  within  New  York,  much  as  Rhode  Island 
and  Massachusetts  readjusted  their  boundaries  near  Providence  and  Fall 
river.  Eminent  legal  authority  well  versed  in  the  laws  and  decisions  regard- 
ing water  rights  assures  me  that  the  legal  obstacles  to  Housatonic  and  Ten 
Mile  water  are  such  as  can  be  readily  overcome,  providing  the  Connecticut 
Legislature  will  act  in  the  neighborly  spirit  which  we  have  a  right  to  expect. 

(N)  Should  negotiations  for  the  Ten  Mile  river  fail,  there  is  a  water- 
shed lying  north  of  the  Croton,  which  is  free  from  all  interstate  questions,  and 
which  can  apparently  be  made  to  deliver  150  million  gallons  of  water  per 
day  into  the  New  Croton  Reservoir,  but  does  not  have  the  advantage  of 
elevation  possessed  by  the  Ten  Mile  and  certain  other  sources. 

A  high-pressure  supply  from  the  watersheds  adjoining  the  Croton  on 
the  north  and  northwest  appears  from  my  reconnaissance  to  be  impracticable. 
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(0)  An  ample  supply  of  excellent  water  up  to  even  i,ooo  million  gallons 
per  day,  or  so  much  of  this  as  wanted,  can  be  brought  from  the  Adirondacks 
by  gravity  and  delivered  at  the  same  elevation  of  300  feet  above  sea  level, 
at  a  cost,  including  all  interest,  depreciation,  maintenance  and  sinking  fund 
to  pay  off  the  whole  cost  in  40  years,  for  from  $50  per  million  gallons  to  $25 
per  million  gallons,  according  as  a  supply  is  taken  of  200  million  gallons  per 
day,  or  of  800  million  gallons  per  day,  but  while  cost  per  million  gallons  is 
low,  the  total  bond  issue  that  would  be  required  for  this  would  be  so  extremely 
large  as  to  make  this  project  probably  impracticable. 

(P)  By  taking  water  from  the  Hudson  river  at  Poughkeepsie  and  filter- 
ing it,  and  by  constructing  storage  reservoirs  in  the  Adirondacks,  to  let 
down  water  whenever,  in  extreme  drought,  there  was  any  sign  of  brackish- 
ness  in  the  Hudson  water  at  Poughkeepsie,  and  then  by  filtering  this  Hudson 
water,  just  as  Poughkeepsie  has  done  for  its  own  supply  from  the  Hudson  for 
27  years,  or  as  Albany  is  doing  to-day.  New  York  can  obtain  any  desired 
quantity,  even  up  to  800  million  gallons  per  day,  at  a  cost,  including  interest, 
maintenance,  depreciation  and  sinking  fund  to  pay  oflf  all  costs  of  construc- 
tion in  40  years,  for  water  delivered  at  city  limits  at  300  feet  above  sea  level, 
less  than  $50  per  million  gallons. 

For  filtered  Hudson  water  deliverecl  at  city  limits  at  same  level  as  the  Croton  at  Jerome 
Park,  the  cost  will  be  aboat  $7  per  million  gallons  less  than  for  water  delivered  at  elevation  300. 

(Q)  If  the  Ten  Mile  and  Upper  Housatonic  water  can  be  secured,  these 
sources  will  supply  Brooklyn  much  more  cheaply  than  water  from  Suffolk 
County. 

If  these  sources  are  not  obtainable,  and  if  the  New  York  Legislature  will 
remove  the  restriction  forbidding  Brooklyn  taking  water  from  Suffolk 
County,  then  the  surface  waters  and  ground  water  from  the  saturated  gravels 
above  the  blue  clay  in  the  region  east  of  Massapequa  can  probably  furnish 
from  75*  to  125  million  gallons  per  day.  of  excellent  water,  at  a  cost  a  little 
less  than  $40  per  million  gallons. 

♦  (A  geological  study  of  this  watershed  from  Massapequa  to  Brookhaven  raises  serious  ques- 
tion of  it  being  so  extensive  as  assumed  in  the  Brooklyn  investigation  of  1896.  On  the  other 
hand  means  can  probably  be  devised  that  will  probably  yield  a  larger  proportion  of  the  total 
annual  rainfall.) 

(R)  A  deep,  artesian  well  supply  from  the  deep  gravels  of  Long  Island 
lying  beneath  the  blue  clay,  of  any  sufficient  quantity  to  be  of  material  value 
in  solving  the  problem  of  Brooklyn's  future  supply,  appears  from  a  geological 
study,  set  forth  in  this  report,  Appendix  No.  16,  to  be  utterly  hopeless. 
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(S)  For  Staten  Island.  A  simple  inspection  of  the  ground  or  of  th6 
topographic  map  quickly  shows  that  no  adequate  supply  of  surface  water  cap 
be  obtained  on  the  island.  A  geological  study  shows  the  obtaining  of  any 
adequate  future  supply  from  subterranean  strata  to  be  utterly  hopeless.  .  The 
best  means  of  supply  appears  to  be  by  submerged  pipes  from  Brooklyn,  car- 
ried across  a  little  north  from  the  Narrows. 

(T)  West  of  the  Hudson,  the  sources  south  of  the  Esopus  are  not  very 
promising,. and  beyond,  all  question  are  less  advantageous  than  the  Upper 
Housatonic. 

The  Ramapo  River,  which  (with  the  Mahwah)  would  for  $15,000,000, 
or  somewhat  more,  furnish  about  60  to  75  million  gallons  per  day,  probably 
cannot  be  diverted  from  flowing  into  New  Jersey,  because  of  its  availability 
for  the  future  supply  of  certain  New  Jersey  cities.  The  Brooklyn  report  of 
1896  appears  to  have  underestimated  the  cost  and  overestimated  the  quantity 
of  water  available  from  this  source. 

The  PopoLOPEN  appears  to  be  favorably  located  for  furnishing 
about  20  million  gallons  per  day  of  good  water,  at  such  elevation  that  it 
would  flow  by  gravity,  without  pumping,  to  a  level  at  the  city  limits  of  300 
feet  above  the  sea. 

The  MooDNA  apparently  can  be  developed  to  furnish  about  100  million 
gallons  per  day,  at  300  feet  elevation,  but  there  is  some  question  whether  its 
water  might  not  require  filtration,  or  possibly  prove  unsatisfactory,  even  with 
filtration,  because  of  peat  and  black  muck  in  the  bottom  of  some  of  the  impor- 
tant reservoir  sites. 

The  Wallkill  is  attractive  from  its  location  on  the  map  and 
because  of  lying  at  an  elevation  sufficient  to  deliver  water  by  gravity  at  300 
feet  above  sea  level  at  the  city  limits  of  New  York.  From  its  417  square 
miles  of  watershed  above  New  Hampton,  by  converting  the  Drowned 
Lands  into  an  enormous  storage  basin  of  about  50  square  miles  area  and 
about  25  feet  depth,  this  watershed  apparently  could  be  developed  so  as  to 
yield  a  safe  flow  of  about  315  to  365*  million  gallons  per  day,  if  the  estimate 

*  From  personally  observing  the  surprisinf;ly  small  size  of  the  stream,  in  comparison  with 
that  from  other  watersheds  with  which  I  am  familiar,  and  from  also  briefly  studying  the  flood 
marks,  and  from  a  hasty  view  of  the  geological  conditions,  I  am  led  to  question  if  the  yield  per 
square  mile  at  the  outlet  of  this  basin  would  not  be  uncommonly  small,  because  of  percolation 
through  deep  strata,  but  I  did  not  have  time  to  investigate  this  matter  of  flow  thoroughly. 

A  brief  study  of  the  geology  of  this  dam  site,  which,  from  brief  inspection  taken  m  connection 
with  the  report  of  the  State  Geologist  on  Orange  County,  appears  to  be  in  a  secondary  valley 
eroded  in  a  deep  deposit  of  drift,  and  where  formerly  a  dam  of  glacial  drift  converted  the  site  of 
the  Drowned  Lands  into  a  Lake,  lends  additional  color  to  this  suspicion  of  a  small  collectible 
yield,  and  without  a  year  or  more  of  gaugings  of  the  actual  stream  flow,  at  some  favorable  spot, 
as  near  the  railroad  bridge  at  New  Hamburg,  I  should  hesitate  to  l)elieve  that  nearly  so  great  a 
yeild  can  be  bad  from  the  Wallkill  as  that  ordinarily  obtainable  from  a  watershed  of  this  size  with 
this  proportion  of  storage.  A  thorough  geological  study  directed  toward  this  particular  question 
is  desirable,  also  a  series  of  gauging?. 


12 

is  made  according^  to  ordinary  rules  derived  from  experience  on  watersheds 
where  there  is  an  impervious  substratum  and  an  impervious  dam  at  the 
outlet 

Six  thousand  acres,  or  lo  square  miles,  of  the  proposed  reservoir  bottom 
appears  to  be  filled  with  swamp  muck  and  peat  deposits  irom  5  feet  to  50  feet 
in  depth,  about  90  per  cent,  of  which  is  organic  matter,  which,  with  shallow 
flowage  under  the  summer  sun  would  probably  grow  algae  as  luxtuiantly  as 
they  now  grow  onions,  and  there  are  doubts  if  its  water  could  be  satisfac- 
torily purified  and  made  potable  by  filtration. 

There  are  important  interstate  flowage  questions  connected  with  flowing 
10  or  more  square  miles  of  land  in  New  Jersey  by  this  reservoir  that  would 
probably  be  almost  as  difiicult  to  settle  as  any  interstate  question  regarding 
the  Housatonic. 

Such  examination  as  I  have  had  opportunity  to  make  on  the  WallkiU 
gives  very  small  encouragement  of  this  ever  becoming  an  available  source  for 
the  water  supply  of  New  York  City. 

The  Shawangunk  River  would  probably  afford  35  million  gallons  per 
day  of  good  water,  at  an  elevation  sufficient  to  flow  by  g^vity  to  elevation 
300  in  New  York,  but  at  a  high  cost  for  storage  and  aqueduct,  if  the  Wall- 
kill  storage  basin  proves  impracticable. 

Future  Filtration, 

(U)  I  venture  to  express  the  belief  that  by  20  years  hence  the  public  will 
have  become  educated  to  demand  a  higher  standard  of  purity  in  public  water 
supplies  and  that  all  future  work  should  be  laid  out  with  a  view  to  filtration 
10  or  20  years  hence  of  all  water  entering  the  distribution  system.  The  con- 
duits should  run  past  land  suitable  for  filter  beds  and  head  or  fall  be  reserved 
suitable  for  working  the  filters  without  any  expense  for  pumping.  Person- 
ally, I  believe  that  with  complete  meters  and  proper  waste  restriction  filters 
could  be  properly  advised  at  once  for  the  Croton  supply,  and  I  find  as  detailed 
in  the  report  that  to  filter  the  present  supply  with  all  its  waste  would  cost  only 
about  35  cents  per  capita  per  year. 

Results  of  Certain  Other  Investigations  Made. 

Turning  back  now  from  consideration  of  possible  new  sources  to  the 
present  water  supply  it  may  be  added  that : 

A  careful  recomputation  has  been  made  of  the  actual  run  off  of  the 
Croton  river  day  by  day  for  the  past  32  years,  applying  more  accurate  data 
to  computing  the  flow  from  the  old  records  of  depth;    whereby  it  plainly 
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appears  that  the  computations  heretofore  relied  upon  gave  too  large  a  flow 
by  about  lo  per  cent. 

An  investigation  by  experiments  on  full-size  models  of  the  Croton  dam 
crests — made  in  the  new  hydraulic  laboratory  of  Cornell  University — ^proves 
that  the  formula  used  heretofore  for  computing  the  water  wasted  exaggerated 
this  flow  about  9  per  cent. 

A  gauging  of  the  flow  in  the  New  Aqueduct  made  at  my  request  by  the 
same  assistant  engineer,  with  the  same  current  meter  by  which  the  New 
Aqueduct  was  originally  gauged,  proves  that  this  has  suffered  an  impairment 
of  about  40  million  gallons  per  day  in  carrying  capacity,  due  probably  to  it 
not  being  kept  clean. 

The  corrected  results  of  the  Croton  river  gaugings  covering  this  period 
of  32  years,  and  of  the  Croton  Watershed  rainfall  records  have  been  con- 
densed into  tables  and  diagrams  of  great  value  for  estimating  the  safe  yield 
of  such  other  watersheds  as  may  be  selected  for  new  sources  of  supply. 

The  present  rate  of  consumption  of  Croton  water,  in  gallons  per  day, 
has  been  accurately  measured  with  the  result  of  showing  that  the  estimates 
of  consumption  and  of  growth  in  consumption  of  water  made  by  the  Depart- 
ment of  Water  Supply  at  the  time  the  Ramapo  contract  was  urged  were  about 
40  million  gallons  per  day  too  large. 

The  rate  of  consumption  of  water  in  the  Boroughs  of  Manhattan  and 
Brooklyn  at  the  various  hours  of  the  day  and  night  has  been  measured  with 
a  degree  of  precision  not  heretofore  attempted,  thereby  learning  that  in  the 
quietest  hour  of  the  night  or  at  3  a.  m.  the  draft  in  Manhattan  is  at  the  rate 
of  94  gallons  per  capita  per  day,  and  in  Brooklyn,  at  the  rate  of  57  gallons 
per  capita  per  day,  thereby  obtaining  a  better  measure  of  the  waste  of  water 
than  has  been  heretofore  available. 

Experiments  on  the  night  consumption  in  the  thoroughly  metered  cities 
of  Fall  River  and  Woonsocket  have  been  made  for  comparison. 

(IV)  A  very  full  geological  study  of  the  deep  subterranean  strata  of 
Long  Island  and  of  Staten  Island  has  been  made  with  a  view  to  learn- 
ing of  the  possibility  of  a  supply  from  deep  wells  and  of  the  best  means  of 
obtaining  water  from  the  saturated  gravel.  This,  as  already  stated,  shows 
that  a  deep  artesian  well  supply,  adequate  for  any  general  public  supply  is 
practically  hopeless. 

While  the  above  facts  and  many  others  have  been  collected  by  the 
reconnaissances  made  by  me  in  person  and  by  others  under  my  supervision, 
it  is  to  be  understood  that  the  shortness  of  the  time  and  the  broad  field  to  be 


covered  has  permitted  only  a  work  of  reconnaissance  on  these  surveys*  and  the 
estimates  of  cost  may  in  some  instances  vary  perhaps  20  per  cent,  from  what 
would  be  given  by  a  slow,  careful,  elaborate  survey.  Nevertheless,  the  figures 
presented  are  believed  to  be  safe,  for  the  intention  has  been  to  err  on  the  safe 
side  where  data  were  doubtful. 

In  estimates  of  cost  I  have  been  guided,  naturally,  by  the  actual  costs 
of  similar  work  on  a  similarly  large  scale,  carried  on  during  the  past  5  years 
for  the  water  supply  of  Boston  and  vicinity  by  the  Massachusetts  Metropoli- 
tan Water  Board,  on  which  I  was  for  a  time  one  of  the  three  Commissioners, 
and  after  allowing  generously  for  the  contingencies  of  incomplete  surveys 
and  increased  prices  of  materials,  I  have  in  general  assumed  that  it  was  pos- 
sible for  New  York  to  secure  equal  economy. 


*The  thorough  investigation  of  water-supply  problems  is  necessarily  very  expensive  and  takes 
much  time. 

The  investigations  leading  up  to  the  appointment  of  the  Metropolitan  Water  Board  to  con- 
struct new  works  for  Boston  and  vicinity,  although  carried  on  with  the  utmost  economy,  cost 
$42,500  and  occupied  a  year  and  eight  months,  and,  as  a  starting  point,  had  data  that  had  been 
quietly  collected  for  years,  had  the  benefit  of  some  of  the  best  expert  advice  to  be  had  in  this 
country  given  as  a  matter  of  public  spirit  free  of  charge,  and  were  made  by  an  engineer  who  had 
speqt  his  whole  professional  life  in  that  vicinity  working  on  collateral  problems,  and  who  had  for 
a  lone  time  previously  been  making  studies  in  that  direction  and  upon  that  particular  problem. 

1  he  investigation  made  last  year  at  Philadelphia  upon  improving  the  water  supply  is  said 
to  have  cost  alx>ut  $30,000  and  followed  years  of  patient  collecting  of  data  and  preliminary 
special  study  toward  an  additional  supply. 

The  recent  studies  for  improving  the  quality  of  the  Pittsburgh  supply  occupied  about  two 
years  and  are  said  to  have  cost  about  $40,000. 

The  recent  studv  for  improving  the  quality  of  the  Louisville  supply  by  filtration  covered 
nearly  two  years,  and,  although  carried  on  under  the  very  best  of  supervision,  is  said  to  have  cost 
the  city  over  $50,000,  and  to  have  cost  the  companies  presenting  proprietary  devices  to  be  tested 
probably  as  much  more^ 

The  studies  for  improving  and  extending  the  Cincinnati  supply  made  within  the  past  four 

{rears,  including  first,  the  study  of  sources,  pumping  stations  and  reservoir  sites  ;  and,  secondly,  a 
ong  seties  of  hitration  experiments,  are  said  to  have  cost  about  $50,000.  Preliminary  investiga- 
tions for  the  New  Croton  Aqueduct  and  for  the  New  Croton  Dam  cost  amounts,  which  are  on 
record  in  your  office,  far  in  excess  of  any  of  the  figures  just  mentioned. 

I  mention  the  above  to  illustrate  the  impossibility  of  covering  this  broad  subject  exhaustively 
in  the  time  and  with  the  means  ^  my  disposal,  but  believe  that  enough  reliable  information  has 
been  gathered  for  a  safe  and  definite  answer  to  your  questions  as  above. 

♦  *  To  investigate  the  various  subjects  covered  by  your  inquiry  for  the  widely  different  con- 
ditions surrounding  the  different  boroughs  of  Greater  New  York  with  the  fullness  of  detail 
customary  in  large  municipal  work  and  with  the  completeness  that  I  believe  is  desirable  in  the 
present  case  in  order  to  clearly  prove  the  best  lines  of  development  for  the  long  future,  would, 
with  the  fullest  organization  and  most  rapid  work,  wisely  planned,  take  from  one  year  to  two 
years  more  time  and  the  work  of  a  dozen  or  twenty  survey  parties  and  the  work  of  from  three  lo 
six  specialists  in  all,  in  chemical,  biological  and  bacterial  examinations,  in  filtration  practice  and 
in  geology,  in  addition  to  the  engineering  experts,  and,  considering  the  breadth  of  the  field  to  be 
covered  and  the  varied  requirements  of  the  different  l)oroughs,  would  cost  at  the  least  $100,000,  or 
more  properly  $200,000,  and  under  any  but  the  most  skillful  direction,  if  thoroughly  covered, 
would  cost  more.  The  least  proper  appropriation  for  such  exhaustive  examination  as  these 
problems  deserve  would,  in  my  judgment,  be  $200,000,  but  surveys  and  investigations  sufficient 
to  justify  beginning  construction  could  probably  be  made  fcr  considerably  less  than  $100,000  and 
probably  withm  one  year's  time. 


IS 

Recommendations  for  Action. 

I  respectfully  present  the  following  recommendations: 

First — ^That  surveys  for  an  additional  supply  capable  of  development  to  a 
safe  yield  of  at  least  500  million  gallons  per  day  be  authorized,  and  an  appro- 
priation of  $100,000  made  available  for  this  purpose  and  with  the  expectation 
of  an  additional  appropriation  for  extending  and  completing  these  surveys. 
That  this  survey  be  placed  in  charge  of  a  committee  of  not  exceeding  3 
hydraulic  engineers  and  carried  forward  in  a  broad,  comprehensive  spirit 
over  the  ground  suggested  on  page  4,  with  special  expert  investigations  of 
special  problems  and  with  all  possible  dispatch,  and  that  a  beginning  be 
made  as  soon  as  possible. 

Second — ^That  the  best  of  legal  and  other  advice  be  at  once  sought  as  to 
proper  procedure  for  obtaining  secure  rights  to  the  diversion  of  the  waters 
of  the  Upper  Housatonic  and  Ten  Mile  rivers  and  that  suitable  application 
be  made  to  the  State  of  Connecticut  regarding  the  diversion  of  these  waters 
and  regarding  a  change  of  boundary  line  by  which  the  reservoir  to  be  formed 
and  the  point  of  diversion  would  be  within  the  State  of  New  York  and  sub- 
ject to  its  police  control. 

Third — ^That  authority  from  the  New  York  Legislature  be  sought  for  a 
supply  to  New  York  City  from  either  the  Upper  Housatonic,  Ten  Mile,  or 
from  such  other  source  considered  elsewhere  in  this  report  as  shall  prove 
most  expedient  in  case  negotiations  for  the  Upper  Housatonic  fail. 

Fourth — That  the  prevention  of  waste  of  water  by  leakage  from  street 
mains  and  service  pipes  receive  earnest,  skilful  attention  by  cutting  the 
present  pipe  systems  into  sections  by  closing  exiting  gates  and  measuring 
the  night  consumption  in  these  sections  from  midnight  to  4  a.  m.,  through 
observations  of  small  meters  of  the  disc  type  set  on  a  by-pass.  Thereby  dis- 
covering the  most  leaky  portions  of  the  distribution  system  and  overhauling 
these,  and  that  so  far  as  practicable  the  methods  of  waste  detection  described 
on  pages  67-69  be  followed  and  remedy  applied. 

That  the  preparation  of  large  scale  maps  be  at  once  begun  showing  all 
taps  and  pipes  and  all  connections,  all  obtainable  information  regarding  size, 
age  and  condition  of  all  these  connections  being  systematically  hunted  down 
and  plugged  off  entered  thereupon. 
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Fifth — ^That  new  regulations  for  the  setting  of  meters  and  service  pipes 
be  established.  These  to  be  in  future  put  in  by  the  city  workmen  at  the  city's 
expense,  meters  to  be  periodically  tested  and  kept  in  repair  by  the  city. 

That  improved,  modem  corporation  cocks  be  used,  that  curb-stop  cocks 
be  systematicUy  introduced  at  such  a  rate  as  will  equip  the  entire  city  within 
lo  years. 

That  with  a  view  to  hunting  down  future  leakage  and  electrolysis,  mul- 
tiple service  branches  from  the  mains,  each  supplying  2  or  more  houses, 
with  an  accessible  corporation  cock,  be  carefully  considered  and  perhaps 
introduced  along  the  principal  streets  for  all  future  work;  these  subdividing 
to  the  several  houses  at  or  near  the  sidewalk  line. 

Sixth — ^That  new  regulations  be  so  framed  as  to  encourage  the  use  of 
meters  for  all  service  pipes,*  domestic,  public,  schools  and  hospitals,  tug- 
boat and  sprinkling  cart  supplies.  That  the  draft  of  water-power  from  fire 
hydrants  for  street  sprinkling  or  tug-boat  supplies  or  any  purpose  except  fire 
be  forbidden. 

That  the  statistics  of  metered  water  consumption  be  intelligently  class- 
ified ;  first,  according  to  use  and  again  according  to  locality,  by  dividing  the 
city  into  sections  corresponding  to  the  Venturi-meter  subdivisions  recom- 
mended on  page  67,  so  that  this  use  can  be  studied  from  year  to  year  intel- 
ligently, and  that  it  may  serve  as  an  aid  to  the  detection  of  waste  of  water  or 
under-registry. 

Seventh — That  proper  steps  be  taken  to  learn  accurately  the  desire  of  the 
voters,  as  a  whole,  relative  to  the  complete  introduction  of  meters,  after  first 
having  brought  about  a  better  understanding  of  their  economy  and  other 
advantages. 

m 

Eighth — That  if  after  an  earnest  effort  to  restrict  waste,  enough  water  is 
not  saved  from  replacing  old  and  leaky  pipes  to  materially  improve  the  press- 
ure downtown,  one  or  more  additional  48-inch  mains  should  be  laid  along 
such  line  as  appears  most  favorable  after  a  careful  study  by  self-recording 
pressure  gauges  set  at  various  points  to  learn  where  the  day  pressure  is  most 
pulled  down. 

Ninth — That  all  of  the  reservoir  dams  be  at  once  drilled  for  flashboard 
pins  and  that  flashboards  be  set  of  the  greatest  height  practicable  as  a  means 
of  augmenting  the  storage  until  the  new  Croton  Reservoir  is  filled  and  a  new 

*  The  City  perhaps  paying  for,  or  buying,  with  fair  allowance  for  depreciation,  all  old  and 
service-pipes  to  which  meters  are  attached  ? 
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supply  secured.  That  the  depletion  of  the  reservoirs  be  carefully  watched 
and  regulated  in  proportion  to  the  drainage  area  tributary  to  each  and 
rigorous  measures  for  checking  consumption  be  applied  if  this  depletion  goes 
too  far. 

Tettth — ^That  the  effect  of  electrolysis  on  water  pipes  in  causing  leakage 
or  corrosion  of  pipes  be  at  once  investigated,  and  this  investigation  steadily 
maintained  from  year  to  year  and  the  necessary  precautions  to  avoid  serious 
injury  determined  and  enforced. 

Elez'cnth — ^That  the  depth  gfauge  at  head  of  New  Croton  Aqueduct  be 
set  to  correctly  indicate  the  depth ;  that  the  various  locations  at  Croton  Dam 
and  along  aqueduct  and  at  all  reservoirs  where  depths  are  regularly  meas- 
ured for  estimating  flow,  be  provided  with  good  facilities  for  accurate  meas- 
urement and  that  a  higher  standard  of  precision  of  measurement  be  insisted 
upon.  That  a  new  rain  gauge  be  provided  at  Croton  Dam  and  that  two  new 
rain  gauges  be  established,  one  near  Patterson  and  another  in  the  south- 
eastern quarter  of  the  Croton  Watershed. 

Twelfth — ^That  the  New  Croton  Aqueduct  be  emptied  at  least  for  a  day 
above  Pocantico  for  inspection  and  cleaning. 

Thirteenth — That  a  careful  scientific  study  of  the  ground  water  supply 
available  for  Brooklyn  be  made  along  the  lines  suggested  in  pages  538  to 
546,  both  with  a  view  to  extension  beyond  Massapequa  and  with  a  view  to 
obtaining  more  water  and  better  water  from  the  present  territory. 

Fourteenth — That  some  arrangement  be,  if  possible,  made  with  the  State 
Engineer  and  the  Director  of  the  United  States  Geological  Survey  by  which 
topographic  maps  can  be  extended  during  the  coming  summer  and  fall  over 
all  the  territory  in  which  a  water  supply  for  New  York  can  be  reasonably 
sought. 

Other  recommendations  will  be  found  scattered  through  the  reports 
under  the  various  subjects  treated  which  are  better  understood  in  connection 
with  the  accompanying  descriptions,  and  therefore,  need  not  be  repeated 
here. 
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A  Few  Notes  Upon  Scope  of  Investigations  and  Degree  of  Completeness 

Attained. 

Obviously  the  questions  of  first  importance  are — 

What  is  the  safe  yield  of  the  sources  owned  at  present  by  the  City? 

What  is  the  present  consumption  and  rate  of  increase? 

What  proportion  of  present  supply  is  wasted  and  can  be  saved? 

Investigation  of  the  first  two  questions  will  be  found  set  forth  in  Appen- 
dices No.  I  and  No.  2,  so  far  as  Manhattan  and  The  Bronx  are  con- 
cerned. For  Brooklyn  the  recent  investigations  of  Mr.  I.  M.  de  Varona, 
Chief  Engineer  of  the  Brooklyn  Water-works,  made  in  1895,  give  fairly 
complete  answers  for  the  conditions  of  to-day,  and  under  the  pressure  of 
the  other  matters  reported  upon,  time  has  not  been  found  to  put  these  ques- 
tions of  Brooklyn's  consumption,  waste  and  future  requirements  in  such 
complete  form  as  desirable. 

Safe  Yield: 

To  the  first  of  the  above  questions — safe  yield  of  present  sources — a 
very  large  amount  of  time  had  td  be  given  to  get  accurate  results — much 
more  time  than  was  anticipated.  For  the  former  measurements  were,  as 
investigation  progressed,  found  to  have  been  made  with  a  serious  lack  of 
precision.  In  various  publications  of  the  Department  of  W^ater  Supply,  of 
the  Department  of  Public  Works  and  of  the  Aqueduct  Commission,  state- 
ments appear  implying  that  the  safe  yield  of  the  Croton  is  anywhere  from 
250  to  500  million  gallons  per  day.*  No  accurate  complete  analysis  of  the 
problem  was  found  on  record.  In  the  recent  active  newspaper  discussions 
widely  varying  views  have  been  presented  by  men  of  high  standing. 
Mr.  A.  Fteley,  Chief  Engineer  to  the  Aqueduct  Commissioners  from 
1890  to  1899,  whose  opinion  is  entitled  to  the  greatest  weight,  informed  me 
in  conversation  that  he  considered  the  safe  yield  not  far  from  265  million 
gallons  per  day,  but  had  not  had  opportunity  to  analyze  the  questions  so 
completely  as  he  would  have  liked**  (this  new  analysis  shows  275  millions). 

This  question  of  the  safe  yield  being  at  the  very  foundation  of  the  prob- 
lems presented,  appeared  to  demand  thorough  treatment,  and  I  present  the 
results  given  in  Appendix  No.  i  with  confidence  that  we  now  have  this  ques- 
tion of  the  safe  yield  of  the  Croton  Watershed  in  such  shape  that  it  compares 
favorably  with  the  best  measurements  of  the  kind  made  anvwhere,  and  that 

*  Wegman*s  Water  Supply  states  this  as  280  millions. 

♦*Mr.  Fteley  also  showed  me  correspondence  dating  back  a  long  time,  in  which  he  had  strongly 
urced  that  authority  be  given  his  department  to  investigate  the  needs  and  possibilities  for  new 
sources  of  supply,  he  foreseeing  long  ago  that  the  limit  of  the  Croton  supply  would  soon  be 
reached. 
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the  data  available  for  estimating  the  Croton  flow  prior  to  1900  have  nOw  been 
pretty  nearly  exhausted,  and  that  this  part  of  the  problem  can  rest  until  the 
record  of  some  more  severe  cycle  of  years  of  small  rainfall  appears  in  the 
future.  The  safe  yield  of  the  Bronx  and  Byram  was  also  investigated,  so  far 
as  the  data  permitted,  with  the  result,  as  I  believe,  of  showing  that  the  esti- 
mate heretofore  common  (20  million  gallons  per  day)  is  33  per  cent.,  or 
5  million  gallons  per  day,  too  high.    This  is  set  forth  in  Appendix  No.  2. 

Consumption: 

The  question  of  daily  rate  of  total  consumption  of  water  in  Manhattan 
and  Bronx  has  also  been  gone  into  with  a  fair  degree  of  thoroughness,  and 
it  is  a  relief  to  find  that  this  is  not  so  large  and  has  not  been  increasing  so 
fast  as  was  supposed,  but  it  is  plainly  increasing  15  million  gallons  per  day 
per  year. 

Use  and  Waste: 

The  proportion  of  the  water  wasted  in  Manhattan  and  Brooklyn  was 
investigated  in  a  broad,  general  way  by  certain  measurements  of  the  com- 
parative consumption  by  day  and  by  night.  This  investigation  of  waste 
would  have  been  extended  to  the  other  boroughs  had  time  permitted. 

The  relative  proportion  of  use  and  waste  for  Manhattan  and  Brooklyn 
is  brought  out  so  clearly  by  the  curves  of  Diagrams  No.  5  and  No.  6  as  to 
leave  very  little  doubt  that  more  than  half  and  probably  two-thirds  of  the 
total  supply  is  wasted  through  leakage. 

Costs: 

On  some  other  questions,  as,  for  example,  the  cost  of  dams  and  aque- 
ducts for  an  additional  water  supply,  there  has  been  no  opportunity  to  go 
into  the  matter  with  great  thoroughness,  and  my  figures  for  the  Ten  Mile 
and  Housatonic,  although  very  carefully  studied  and  based  on  careful  recon- 
naissance in  the  field,  are  but  approximations.  Surveys  more  in  detail  may 
show  here  or  there  ten  or  perhaps  twenty  per  cent,  difference  in  the  quantity 
of  excavation  or  of  masonry;  perhaps  in  some  places  more,  but  more  often 
less,  for  I  have  tried  to  be  particularly  liberal  in  anticipating  the  costs  of  the 
structures  proposed,  and  of  the  damages  liable  to  be  claimed,  for  developing 
the  Housatonic  and  Ten  Mile  supplies  and  have  put  in  a  very  generous  price 
for  margin  for  contingencies.  I  have  floured  costs  throusrhout  on  the  basis  of 
well  manasred  contract  work  at  such  labor  prices  as  to-day  prevail  on  the 
extensive  constructions  of  the  Massachusetts  Metropolitan  Water  Board. 
I  trust  that  the  margin  of  uncertainty  in  all  these  estimates  due  to  lack  of 
complete  surveys,  test-pits  and  borings,  will  be  found  so  clearly  stated  that 


20 

none  of  my  figures  can  seriously  mislead  or  be  misunderstood.  For  this 
purpose,  also,  and  as  an  aid  to  a  critical  understanding  by  the  non-expert, 
I  have  written  into  the  estimates  more  notes  than  common  of  comparison 
with  cost  and  yield  of  similar  works,  and  made  fuller  note  of  the  facts  -which 
I  believe  must  lead  others  to  substantially  the  same  conclusions  as  stated. 

Neiu  Sources: 

A  hasty  reconnaissance  was  also  made  of  all  the  possible  sources  of 
additional  supply  upon  the  map  of  a  size  worth  considering  for  New  York, 
which  appeared  to  have  any  promise  of  future  use.  It  is  a  matter  of 
much  regret  to  me  that  I  have  not  had  time  to  continue  the  explorations  of 
the  low  level  line  northwest  of  the  Croton  Watershed  by  a  line  of  accurate 
instrumental  survey;  and  of  further  regret  that  I  have  not  had  time  to  go  into 
details  and  make  closer  studies  of  the  possibilities  along  the  Moodna,  Wall- 
kill,  Neversink  and  the  Delaware  (my  investigation  of  the  Delaware  tribu- 
taries was  very  incomplete) ;  but  I  have  gone  far  enough  on  those  studies  to 
convince  me  that  they  are  much  less  hopeful  sources  than  the  Ten  Mile  and 
Housatonic. 

Memoranda  and  Explanations: 

In  the  appendices  will  be  found  a  part  of  the  data  that  I  have 
collected  bearing  on  these  various  questions,  some  of  which  I  have 
had  to  dig  out  laboriously  from  old  reports,  or  by  questioning  old 
employees  of  the  Water  Department  and  by  much  personal  inspec- 
tion and  work  of  assistants,  and  which  it  appears  very  important  to 
leave  recorded  in  such  a  way  that  it  shall  be  conveniently  accessible  to 
others  who  may  have  occasion  to  investigate  these  matters,  now  or  in  the 
future.  In  these  appendices  I  have  also  written  up  the  basis  of  my  estimates 
with  more  than  ordinary  fullness  that  they  may  be  open  to  criticism  and 
may  be  readily  understood,  and  since  it  has  appeared  desirable  that  all  the 
facts  collected  should  be  quickly  available  for  the  use  of  the  engineers  of  the 
committee  recently  appointed  by  the  ^lerchants'  Association  to  investigate 
New  York's  water  supply  and  open  to  their  criticism  and  extension,  advance 
sheets  of  the  results  of  the  computations  upon  yield  and  consumption  and 
such  of  the  other  diagrams  as  appeared  of  interest,  have  been  furnished 
them. 

Coming  now  to  the  results  of  this  work,  my  answers  to  your  several 
questions  are  as  follows : 
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wiRBT  quxstioh.-QA^jIlCITY  and  adequacy  OF  THE  PBESEKT  WATEB- 

S0UBCE8* 

A  careful  recomputation  from  the  daily  measurements  made  by  the  aque- 
duct keepers  during  the  past  thirty-two  years  shows,  as  already  stated, 
that  although  the  consumption  will  very  soon  be  uncomfortably  close  to  the 
safe  limit,  with  prudent  management  the  Croton  Watershed,  supplemented  by 
the  Bronx  and  Byram,  and  with  a  moderate  and  practicable  restriction  of  waste, 
can  furnish  a  safe  and  ample  supply  for  the  boroughs  of  Manhattan  and  The 
Bronx  for  four  or  five  years  to  come;  thus  giznng  a  short  but  adequate  time  in 
zvhich  to  build  works  for  an  additional  supply. 

This  is  shown  in  the  most  convincing  manner  by  a  study  of  Diagram 
No.  3-B  in  connection  with  Diagram  No.  2,  and  will  be  found  explained  in 
detail  in  Appendix  No.  I. 

These  recomputations  and  diagrams  show  that  under 
special  care,  the  Croton  Watershed  can  be  prudently  relied  on, 
after  the  New  Croton  Dam  is  finished  in  1902,  to  furnish 
(taking  some  chances  on  impairment   of   quality   of   water), 

temporarily,  say   300  million 

gallons 
per  day. 
The  greatest  safe  yield  that  can  properly   be   relied   on  per- 
manently after  the  new-  dam  is   completed   and   its    reservoir 

filled,  is 275  million 

gallons 
per  day. 

Prior  to  the  filling  of  the  reservoir  above  the  New  Cro- 
ton Dam,  taking  the  storage  reservoir  capacity  as  we  find  it 
to-day,  and  assuming  the  depletion  of  the  several  basins  regulated 
nnth  utmost  skill  under  a  repetition  of  the  most  severe  drought 

of  the  past  thirty-two  years,  the  safe  yield  would  be 232  million 

gallons 
per  day. 

By  means  of  adding  flashboards  on  all  dams  to  the 
greatest  practicable  height,  temporarily,  until  the  New  Croton 
Dam  is  completed,  and  further  increasing  the  storage  by 
lease  of  ponds  not  owned,  additional  storage  can  be  gained 
probably  sufficient,  with  the  rainfall  the  same  as  in  1880  and 
1881,  to  make  the  safe  yield  prior  to  1902 250  million 

gallons 
per  day. 
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The  actual  average  consumption  of  Croton  water  in  the  year  1899  aver- 
aged 226  million  gallons  per  day.  , 

The  consumption  has  been  increasing  15  million  gallons  per  day  each  S"*' 

year  for  four  years  past,  and  four  or  five  years  hence  will  be  greater  ±han  i«t 

the  Croton  can  be  relied  upon  to  furnish  in  a  series  of  dry  years.  ^^ 

The  actual  daily  consumption  as  measured  by  the  delivery  of  the  New 
Croton  Aqueduct  to  New  York  is  found  to  be  less  than  heretofore  supposed 
by  38  million  gallons  per  day,  because  of  an  impairment  of  the  carrying 
capacity  of  the  aqueduct,  probably,  due  to  its  not  having  been  cleaned  for  \(\ct«^ 

nine  years.  The  velocity  of  flow  in  an  aqueduct  is  reduced  when  organic 
growths  collect  on  its  interior,  just  as  the  speed  of  a  ship  is  reduced  when 
its  bottom  is  foul. 

Former  Estimates  of  Croton  Yield  10  Per  Cent,  too  Large. 

The  results  of  the  recomputation  of  the  yield  of  the  Croton,  day  by  day 
and  month  by  month,  for  thirty-two  years  past,  show  the  flow  to  have  been 
less  than  the  estimates  previously  published,  by  about  10  per  cent,  on  the 
average,  or  38  million  gallons  per  day. 

Thus,  curiously  it  happens  that  the  over-estimate  of  the  Croton  yield 
averages  the  same  as  the  recent  over-estimate  of  the  consumption. 

The  cause  of  the  excess  of  the  earlier  estimates  of  Croton  river  yield 
over  the  present  estimates  is  fully  discussed  in  Appendix  No.  i,  but  may  be 
briefly  summarized  here  as  follows: 

The  summary  of  the  yield  of  the  watershed  is  made  up  of  four  inde- 
pendent measurements: 

1st.  The  quantity  wasting  over  the  Old  Croton  Dam. 
2d.  The  quantity  drawn  through  the  Old  Aqueduct. 
3d.  The  quantity  drawn  through  the  New  Aqueduct. 


eviv« 


4th.  The  quantity  taken  out  of  the  storage  reservoirs  to  augment  the  flow,  ou 

or,  in  turn,  taken  from  the  flow  to  refill  the  storage  reservoirs. 

The  lack  of  precision  in  the  old  estimates  came  from :  "* 

1st.  A  less  accurate  formula  for  computing  waste  over  the  dam  than  that 
which  we  now  possess,  and  the  use  of  only  a  single  observation 
each  day  upon  depth  over  dam — while  there  were  two  actually 
observed,  both  of  which  are  now  used. 

2d..  The  use  of  assumed  coefficients,  which  were  too  large,  instead  of  actual 
gaugings  for  determining  the  flow  in  the  Old  Aqueduct. 


There   are  Btrona  reMons  for  ezpeotiiig  that  oonsomptlon  (and  waafeo)  will  follow 
thJa  upper  Uoe  A  •  D  •  E  unleu  : 

1st     water  meters  are  attached  to  tabstaatiaUy  all  aenrloe  pipes. 
3nd   The  ajstematlc  search  for  and  replacing  of  old  and  leai^  service  pipes  and  mains 

Is  rigorously  prosecuted. 
8rd    Dlstnbutlon  pipes  are  subdivided  Into  numerous  small  districts  with  arrangements 

by  Venturl  meters.  Deacon  meters,  or  other  appliances  for  measuring  In  bulk  the 

total  supply  drawn  into  each  district. 
With   the   greawst  progress  that  can  be  reasonably  expected  in  prevention  of  waste 
the   consumption   will  probably  not  be  decreased  oelow  present  consumption  within 
these  next  5  years,  because  of 

1st    The   time  needed  to  educate  the  ordinary  house-holder  that  general  introduction 

of  meters  is  to  his  benefit, 
ted  The  time  needed  to  establish  systematic  search  for  leaks  and  the  great  territory 

to  be  covered. 
8nl  The  large  expenditure  and  extensive  work  needed  for  rearrangement  of  pipes  for 

measurfng  supjilies  sent  into  the  various  districts. 
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*  Atthoui(h  the  Bronx  and  Byram  have  doubtless 
yielded  20  mil.  gaK  per  day  in  recent  years,  re-com- 
putatKHi  indicates  safe  yield  in  a  series  of  dry  years 
as  not  over  1 7.0  mili  gal.  per  day.  perhaps  not  over  15* 
Therefore  in  projecting  line  into  future  a  part  of  this 
delicieflcy  is  thrown  on  the  Croton  and  2  mil.  gal,  per 
day  added  to  linei 

Whenever  City  pipes  are  extended 
into  region  east  of  Bronx  River  to 
supply  present  deficiencies,  an  extra 
draft  of  1  or  2  mil.  gals,  per  day 
may  be  expected. 

About  this  time,  with  completion  of  2  new 

High  Service  pumps  of  1 5  mil.  gal  daily  capacity  each, 

increasing  present  deficient  pressure  ,the 

consumption  will  probably  suddenly  increase 

15  mil  gals,  (per  estimate  of  G.  V\^.  Birdsall) 


DIAGRAM  No.  2 

TOTAL  CONSUMPTION  OF  CROTON  WATER. 

(INCLUDING  WASTE) 

in  the  CITY  of  NEW  YORK-(Manhattan&  Bronx) 

Average  Number  of  Million  Gallons  per  24  hour  day  in 
each  month  of  the  years  1884  to  1899*  inclusive. 
Based  on  recomputation  of  flow  by  J.  R.  Freeman  C.  E.  Dec- 1 899, 
from  data  furnished  by  G.  W.  Birdsall,  Ch.  Enff.  Dep't  Water 
Supply,  bv  A.  Fteley,  Ch.  Engr.  Croton  Aqueduct  Commission,  and 
from  daily  records  of  depths  in  Aqueducts  by  keepers  at  Croton 
Dam.  SiniF  Sing,  Tarrytown  and  Central  Park,  with  tables  of 
aqueduct  liow  corrected  in  accordance  with  gaugings  by  F.  W. 
Watkins.  Ass't.  Engr.  Aq.  Com.  on  New  Aqueduct  Nov.  25-26 
and  Dec.  4.^  1 89$  and  Old  Aqueduct  Dec.  15.16;  1899. 

also 

PROBABLE  CONSUMPTION  for  next  6  YEARS. 

(as  estimated  by  J.  R.  F.)  if  rate  of  increase  is  same  as  for  the  past 
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3<l.  Lack  of  information  which  we  now  possess  concerning  impairment  6i 

carrying  capacity  of  the  New  Aqueduct. 
4th.  A  very  incomplete  allowance  for  the  storage  drawn  and  refilled. 

The  reasons  for  all  these  differences  are  now  so  firmly  established  and 
so  fully  set  forth  that  any  competent  engineer  who  will  carefully  examine 
into  the  facts  must  Se  forced  to  depart  from  the  earlier  estimates  of  yield. 

Safe  Permanent  Croton  Yield  275  Million  Gallons  Per  Day. 

Although  after  the  enlarged  Croton  Lake  is  filled  there  will  be  available 
from  the  Croton  Watershed  and  its  storage  reservoirs  a  supply  of  water, 
sufficient  under  careful  management,  by  drawing  everything  to  the  limit, 
for  the  uniform  daily  draft  of  300  million  gallons  per  24  hours  in  a  drought 
as  severe  and  long  continued  as  any  which  has  occurred  during  the  past 
thirty-two  years,  this  300  million  gallons  per  day  is  more  than  the  greatest 
safe  or  proper  rate  draft  to  be  relied  upon  permanently,  for  the  following 
reasons : 

ist.  This  continuous  draft  of  300  million  gallons  per  day  would  draw  the 
reservoirs  down  so  far  and  so  often  that  the  quality  of  the  water 
would  be  liable  to  impairment  by  the  growth  and  decay  of  weeds 
on  their  margins,  unless  these  were  cut,  raked  and  burned  in  .the 
autumn  at  large  expense.  While  in  a  great  drought  almost  any- 
thing that  is  wet  is  welcome,  and  bad  taste  and  bad  color  in  water, 
resulting  from  long  depletion  of  reservoirs,  could  be  endured  for  a 
few  months  once  in  ten  years  much  better  than  a  water  famine, 
I  am  led  to  believe  that,  with  a  view  to  freedom  from  bad  tastes, 
etc.,  the  Croton  river  works  should  be  operated  on  a  basis  of  not 
exceeding  275  million  gallons  per  24  hours. 
2d.  There  is  good  reason  to  expect  once  or  twice,  or  possibly  three  times 
in  a  century,  a  series  of  consecutive  years  of  lower  aggregate  rain- 
fall than  in  any  period  of  three  or  five  years,  within  this  thirty-two 
years  for  which  we  have  the  Croton  record.  The  Croton  yield 
in  the  series  of  dry  years,  1880,  1881,  1882  and  1883  was  helped 
out  in  1882,  in  comparison  with  certain  other  watersheds  as  shown 
by  their  rainfall  records,  by  what  appears  to  have  been  merely  a 
"  fluke,"  to  use  a  popular  phrase.  In  September,  1882,  the  average 
of  the  four  rain  gauges  at  Boyd^s,  Carmel,  Middle  Branch  and 
Croton  was  14.63  inches,  or  in  this  one  month,  and  mainly  in  one 
storm,  there  fell  one-third  as  much  rain  as  often  falls  in  an  entire 
year.  Various  other  eastern  watersheds  did  not  share  in  this  good 
fortune  and  suffered  much  more  severelv. 
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3cl.  The  capacity  of  the  storage  reservoirs  has  been  figured  as  though  all 
could  receive  their  pro  rata  share  of  the  run-off,  while,  in  fact, 
several  of  the  large  reservoirs  have  relatively  small  water-sheds, 
and  may  not  become  half  refilled  before  others  begin  to  waste.* 
The  New  Croton  Dam  will  largely  remedy  this  defect,  but  the  best 
of  judgment  in  drawing  the  several  reservoirs  must  be  exercised 
even  then  to  get  out  of  each  its  full  theoretic  value;  failing  in  this, 
the  capacity  will  be  smaller  than  300  million  gallons  per  day. 

Comparison  with  Sudbury  Yield, 

Testing  the  figures  of  275  million  gallons  per  day  adopted  for  the  safe 
yield  of  the  Croton  from  a  study  of  its  own  record  for  thirty-two  years  by 
what  has  been  found  on  another  similar  watershed,  we  find  that  the  very 
accurate  gaugings  of  the  Sudbury  river,  forming  a  part  of  Boston's  supply, 
give  a  rate  of  flow  in  the  years  1879-1883,  which,  when  applied  to  the  Croton 
Watershed,  with  proper  correction  for  differences  of  area  of  water  surface 
exposed  to  evaporation,  and  volume  of  available  storage,  indicate  that  after 
the  completion  of  the  New  Croton  Dam,  in  a  drought  of  equal  severity  and 
length  to  the  Sudbury  drought  of  1879-1883,  the  Croton  Watershed  can 
supply  260  million  gallons  per  day. 

It  is  claimed  that  the  Croton  is  a  more  productive  watershed  per  square 
mile  than  the  Sudbury.  I  have,  therefore,  made  a  new  computation  of  the 
rainfall  records  (see  end  of  Appendix  No.  i),  making  use  of  the  records  from 
all  of  the  rain  gauges  instead  of  merely  the  one  rain  gauge  at  Boyd's,  and 
find  that  the  long  term  rainfall  records  indicate  that  the  average  rainfall  on 
the  Croton  is  about  5.7  per  cent,  greater  than  the  average  rainfall  on  the 
Sudbury.  Recomputing  also  the  percentage  of  run-oflF  to  rainfall  from  the 
new  data  I  find  that  for  twenty-five  years  it  averages  47  per  cent,  on  the 
Croton  Watershed  against  49  per  cent,  on  the  Sudbury. 

Adding,  therefore,  5.7  per  cent,  for  greater  rainfall,  and  deducting  2  per 
cent,  for  smaller  per  cent,  of  run-oflf,  we  would  expect  3.7  per  cent,  greater 
net  yield  on  the  Croton  than  on  the  Sudbury.  Add  3.7  per  cent,  to  the  Sud- 
bury figure  of  260,  and  we  get  270  million  gallons  per  day  safe  yield  for  the 
Croton,  after  the  Cornell  Dam  is  filled.    So  while  the  Croton  rainfall  records 


*On  February  5,  1900,  water  waited  over  the  old  Croton  Dam  at  the  rate  of  more  than  3 
billion  gallons  per  day,  while  Amawalk  Reservoir  was  still  50  feet  below  the  flow  line  and  the 
water  levels  in  Boyds  and  Carmel  each  20  feet  below  the  top.  In  another  heavy  rain  on  February 
13.  1900,  water  wasted  over  the  Croton  Dam  at  the  rate  of  over  2  billion  gallons  per  day,  while 
Amawalk  lacked  40  feet  of  being  full  and  West  Branch  lacked  20  feet,  and  on  March  17,  1900, 
although  water  has  been  wasting:  over  Croton  Dam  steadily  and  profusely  for  six  weeks,  Amawalk 
still  lacks  20  feet  of  being  refilled. 
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are  not  perfect  and  the  Croton  rain  gauges  not  well  distributed,  they  serve 
to  connect  the  Croton  and  Sudbury  records  fairly  well,  and  to  confirm  by 
this  independent  means  the  reliability  of  the  figure  of  275  million  gallons 
per  day,  already  adopted  in  my  computations,  for  the  safe  Croton  yield. 

Safe  Yield  Prior  to  Completion  of  New  Croton  Dam. 

The  quantity  that  can  be  safely  relied  upon  the  next  three  years,  or  until 
the  new  reservoir  above  the  great  dam  is  filled,  is  less  than  the  275  million 
gallons  per  day  just  stated,  because  of  insufficient  storage. 

If  the  low  rainfall  of  last  summer  and  autumn  is  the  beginning  of  a 
cycle  of  low  rainfall,  and  if  in  the  next  two  years,  1900  and  1901,  we  happen 
to  have  a  repetition  of  the  total  amount  of  rain  which  fell  in  1880  and  1881, 
then,  taking  all  the  present  storage  reservoirs  on  the  Croton,  including 
flowage  rights  on  natural  ponds,  Mahopac,  Kirk,  Gleneida,  etc.,  starting 
with  them  full  on  May  i,  1900,  in  addition  to  the  natural  flow  of  the  river, 
every  available  gallon  would  be  drawn  out  by  the  end  of  1901,  by  a  uniform 
draft  of  232  million  gallons  per  day. 

If,  in  the  effort  to  provide  all  practicable  safeguards,  temporary  flash- 
boards,  from  2  to  4  feet  high,  be  at  once  placed  on  every  dam,  so  far 
as  practicable,  thus  gaining  temporarily,  say,  4  billion  gallons  of  storage, 
as  hereinafter  described,  and  if,  by  the  lease  of  right  to  draw  ponds  not  con- 
trolled, and  which  were  not  drawn  in  the  severe  drought  of  1891,  but  were 
drawn  in  1880,  there  is  gained  a  storage  of  855  million  gallons,  and  if  the 
Central  Park  Reservoir  be  also  reckoned  as  storage,  then  the  reservoirs 
would  be  emptied  at  the  end  of  190 1  by  a  uniform  draft  of  250  million  gal- 
lons per  day. 

The  safety  of  these  two  figures,  232  and  250,  is  also  confirmed 
by  an  independent  computation  based  upon  the  Sudbury  records  already 
referred  to. 

When  estimating  the  increase  of  flow  that  can  be  had  from  the  storage 
reservoirs  the  three  following  facts  must  be  kept  in  mind: 

1st.  Some  of  the  present  storage  reservoirs  are  located  so  far  up  toward  the 
head  waters  that  they  do  not  quickly  refill.  To  illustrate,  in  the 
recent  heavy  P^ebruary  rains,  the  water  has  been  at  times  wasting 
over  the  Old  Croton  Dam  at  the  rate  of  from  2  to  3  billion  gallons 
per  day,  while  certain  of  the  large  reservoirs  were  not  yet  half  re- 
filled (see  foot-note  on  p.  24). 

2d.  There  is  the  possibility  of  a  more  severe  drought  than  that  of  1880-1881. 
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3d.  But,  pn  the  olhet  hand,  as  a  safeguard^  there  are  nine  chances  out  of  ten 
that. we  shall  not  have/sor  severe  a  drought  as  that  of  1880  repeated 
within  th^  next  three  years,  and  there  is  always  present  the  oppor- 
tunity to  restrict  waste  if  reservoirs  are  found. to  be  becoming 
dangerously  low. 
We,  therefore,,  appear  safe  in  drawing  from  232  to  250  million  gallons 
per  day  prior  to  the  filling  of  the  New  Croton  Lake  providing  a  close  watch 
is  kept  on  the  rate  of  depletion  and  the  downstream  reservoirs  always  emptied 
first,  and  the  upstream  reservoirs  lowered  only  in  proportion  to  their  water- 
shed areas. 

Over-estimate  of  Consumption. 

While  the  safe  yield  of  the  Croton  is  smaller  than  expected,  the  present 
consumption  is  also  found  to  have  been  over-estimated. 

A  measurement  of  the  quantity  conveyed  by  the  New  Croton  Aqueduct 
made  at  my  urgent  request,  upon  November  22  and  23,  1899,  and  repeated, 
lo  make  sure,  on  December  4  and  December  6,  1899,  by  the  same  engineer 
(F.  W.  Watkins,  C.  E.,  Assistant  Engineer,  Croton  Aqueduct  Commis- 
sioners), who  gauged  this  aqueduct  in  1891,  1892  and  1893,  using  the  same 
current  meter  (Mr.  Fteley's),  shows  that  there  was  an  impairment  of  38 
million  gallons  in  the  carrying  capacity  of  the  New  Croton  Aqueduct  exist- 
ing in  December,  1899,  due  mainly,  in  my  opinion,  to  the  aqueduct  having 
been  used  nine  years  without  cleaning.  The  result  is  that  the  consumption  ol 
water  by  the  city  has  for  a  few  years  past  been  largely  over-estimated  and 
the  rate  of  increase  of  consumption  from  year  to  year  has  been  also  over- 
estimated. Correcting  these  records  carefully,  month  by  month,  I  find  that 
the  consumption  of  Croton  water  during  the  past  year  (1899)  has  averaged 
226  million  gallons  per  day. 

The  rate  of  increase  for  the  past  eight  years  in  Manhattan  and  The 
Bronx  only,  has  averaged  12  million  gallons  per  day. 

The  rate  of  increase  for  the  past  four  years  in  Manhattan  and  The  Bronx 
has  averaged  15  million  gallons  per  day. 

Under  present  conditions,  with  the  revival  of  manufacturing  and  com- 
mercial activity,  an  increase  at  even  a  greater  rate  than  15  million  gallons 
per  day  for  a  few  years  to  come  is  not  outside  the  possibilities. 

With  only  14  million  gallons  per  year  increase  added  to  consumption  of 
1899,  we  find  the  consumption  of  Croton  water  for  a  few  years  to  come  will 
be  about  as  follows,  if  immediate  and  thorough  means  are  not  taken  to  stop 
waste — 
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Margin  of  Safety  in  Croton  Supply. 


Probable  consumption  of  Croton  water  (exclunire  of  Bronx  water)  with  same 

increase  yearly  as  for  a  few  years  past. 

The    Bronx  and   Byram  sources    bein^   used  to  their   full  safe  capacity 

meanwhile). 


For  the  year  1900 242  million  gallons  per  day. 

1901 256 

*'     1902 270        " 

1903 284 

"     1904 297 

1905 3" 


Yield  of  Croton 

water  that  can 

be    safely   relied 

on  with  present 

storage 
augmented  by 

flashboards 

and  with  rainfall 

same  as 

in  x88o-i88x. 

Million  eallons 
per  94  hours 


Surplus  or  short- 
age for  raiafall 
like    x88o-i8ix 
with  use  and 
waste  as 
at  present. 


8  surplus. 
6  shortage. 
5  surplus. 
16       " 

3       " 
II  shortage. 


There  is  thus  safe  time  to  build  new  works,  particularly  if  some  of  the 
present  waste  can  be  saved. 

In  the  above  table  300  is  used,  instead  of  275,  for  safe  yield,  because 
some  chance  of  impairment  of  quality  of  water  by  keeping  reservoirs  long 
drawn  down  could  be  tolerated  in  an  emergency.  Our  safety  lies  in  the  fair 
probability  that  the  next  ttvo  years  will  not  be  one  of  these  abnormally  dry 
periods,  and  in  that,  having  knowledge  of  where  we  stand,  the  depletion  of  the 
reservoirs  can  be  carefully  watched  and  vigorous  measures  in  throttling  presst4re 
and  lessening  waste  applied  if  it  goes  too  far.  A  close  watch  and  the  best  of 
management  are  needed,  and  with  these  secure,  the  present  supply  is  safe 
until  a  new  one  can  be  built. 

It  would  be  an  act  beyond  excuse  for  those  entrusted  with  the  manage- 
ment of  the  water  supply  of  this  city  to  again  take  such  chances  as,  without 
knowledge  of  the  public  at  large,  were  taken  in  the  year  1 891  by  drawing 
upon  the  storage  at  such  a  rate  as  to  leave  it  entirely  exhausted  on  the  15th 
of  November,  with  nothing  between  the  city  and  a  water  famine,  but  a  little 
water  in  the  Central  Park  Reservoirs  and  the  natural  drainage  of  the  stream, 
largely  from  the  East  Branch  swamps.  Providence  was  very  kind  in  189 1 
and  sent  rains  just  as  the  limit  was  reached.  Had  the  fall  rains  been  delayed 
in  1891  as  in  the  past  year,  New  York  would  have  quickly  found  its  possible 
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supply  of  water  cut  down  for  one  or  two  months  to  the  possible  pumpage  and 
drainage  from  reservoir  beds  and  river  margins,  an  amount  surely  not 
exceeding  50  million  gallons  per  day. 

To  cut  the  water  supply  of  a  community  in  the  year  1900  drawing  242 
million  gallons  per  day,  and  with  pressure  throttled  demanding  at  least 
200  million  gallons  per  day,  down  to  50  million  gallons  per  day,  would  bring 
danger  from  fire,  stoppage  of  business  and  an  amount  of  suffering  and  com- 
mercial disaster  disquieting  to  contemplate. 

Detailed  instrumental  surveys  for  an  additional  supply  ought  to  be 
begun  at  once,  and  a  large  number  of  field  parties  set  at  work  and 
pushed  ahead  with  all  possible  vigor,  so  that  construction  may,  if  possible, 
be  begun  early  in  the  spring  of  1901.  The  New  Croton  Dam  will  be  at  least 
10  years  in  building;  ground  was  broken  September,  1892.  The  New 
Croton  Aqueduct,  after  about  2  years  had  been  spent  in  surveys,  plans  and 
securing  land,  was  5^  years  more  in  building,  from  the  time  ground  was 
broken  until  water  was  first  run  through  it.  These  periods  could  be  lessened 
by  modem  methods  of  excavation  and  by  night  work,  under  strong,  vigorous 
administration,  but  at  best  it  takes  a  long  time  to  wisely  locate  and  construgt 
the  dams  and  aqueducts  of  a  great  water  supply. 

/  do  not  believe  that  the  hope  of  restricting  waste  justifies  any  delay  what- 
ever in  making  sure  of  an  adequate  additional  supply;  the  time  is  scant  at  best. 
If  there  is  to  be  delay  in  securing  additional  supply  then  a  vigorous  preven- 
tion of  waste  by  introducing  domestic  meters  must  begin,  or  the  Water 
Department  and  the  citizens  run  for  luck  against  the  occurrence  of  dry 
years.  It  will  take  years  to  find  all  the  bad  leaks  and  they  cannot  be  stopped 
at  short  notice. 

Flashboard   Storage. 

Pending  the  completion  of  the  New  Croton  Dam  in  1902,  in  order  to 
gain  all  possible  storage  as  a  safeguard  against  the  chance  of  unusual  drought 
in  the  next  three  to  five  years,  I  earnestly  recommend  that  a  careful  examina- 
tion of  reservoir  margins,  dams  and  spillways  be  made  at  once  with  a  view  to 
the  immediate  drilling  of  all  of  the  spillway  crests  for  flashboard  pins  of  soft 
steel  rods  from  i^  to  I J  inches  diameter,  set  20  inches  apart,  and  that  i-inch 
spruce  flashboards,  unplaned  but  with  jointed  edges,  from  2  to  4  feet 
high,  be  placed  upon  every  one  of  these  reservoir  spillways  where  this  is 
practicable,  with  all  possible  dispatch. 

If  Mr.  Birdsall's  recollection  of  the  circumstances  affecting  a  temporary 
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1lie«e  Quantities  are  the  x)bserved  outflow  from  Crotop  Lake  fully  corrected  for ; 
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3rd<  For  the  6.4  %  of  Water-Shed  added  by  the  New  Croton  Daon. 
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raising  of  the  height  of  flow  line  are  correct,  which  I  have  no  reason  to 
doubt,  then  it  will  be  found  possible  by  these  flashboards  to  add  temporarily 
about  5  billion  gallons  to  the  present  storage,  or  about  twice  as  much  as 
the  entire  contents  of  the  Boyd's  Corner  Reservoir,  at  an  expense  for  con- 
struction that  need  not  exceed  five  thousand  dollars,  in  addition  to  the  work 
rj-f-f-^jf  of  from  2  to  4  laborers  to  keep  these  flashboards  "  dusted  down  "  and  tight. 
If  5  billion  gallons  can  thus  be  obtained,  it  will  add  nearly  10  million  gallons 
per  day  to  the  city's  water-resources  until  the  New  Croton  Dam  is  finished. 
If  investigation  proves  that  all  these  flashboards  to  the  full  height  estimated 
are  inexpedient,  even  half  of  the  above  storage  or  only  2,500  million  gallons 
is  well  worth  securing  at  the  full  estimated  cost. 

Flashboards  of  this  kind  have  been  used  many  years  on  the  dam  900 
feet  long  across  the  Merrimack  river  at  Lawrence,  Mass.  These  are  now 
carried  there  4  feet  in  height,  and  in  drought,  either  in  winter  or  summer, 
are  easily  made  tight  by  "  dusting  "  them  twice  a  day.  They  are  safe, 
cheap  and  efficient,  as  I  can  testify  from  long  personal  experience  in  the 
service  of  that  Water  Power  Company.  The  pins  bend  over  instantly  if  the 
height  of  water  becomes  too  great.  As  the  flood  subsides  the  bent  pins  are 
replaced  by  straight  pins  and  the  boards  are  replaced,  without  danger  to  the 
workmen. 

A  careful  analysis  of  the  present  depletion  of  the  reservoirs  set  forth 
on  the  Depletion  Diagram  No.  3  following,  made  about  January  10,  1900, 
showed  that  notwithstanding  that  there  was  a  greater  depletion,  or  more 
total  emptiness  of  storage  on  December  31,  1899,  than  has  ever  before 
existed  on  the  Croton,  this  will,  without  doubt,  all  be  filled  except,  perhaps, 
a  part  of  Amawalk,  and  5  billion  gallons  or  more  of  water  go  to  waste 
before  the  summer  of  1900.  These  flashboards  would  save  this  waste  water 
very  cheaply.  They  are  the  cheapest  safeguard  that  is  in  sight  against  a 
shortage  of  water,  and  I  so  advised  Mr.  Dalton,  Chief  of  Department  of 
Water  Supply,  orally,  in  November,  1899. 
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Increasing  Croton  Supply  by   Constructing  More  Storage 

Reservoirs. 

A  comparatively  small  increase  of  capacity  for  water  supply  can  be  given 
to  the  Croton  watershed  by  building  more  storage  reservoirs  for  the  pur- 
pose of  carrying  water  over  several  years,  from  a  year  of  heavy  rainfall  to  a 
year  of  drought,  or,  for  example,  storing  the  surplus  of  a  year  like  1878  and 
holding  it  idle  ready  for  use  in  the  extreme  drought  of  a  year  like  1883,  after 
several  successive  years  of  moderate  and  low  rainfall. 

I  am  led  to  believe  that  additional  storage  reservoirs  in  the  Croton 
Basin  are  not  now  advisable  and  that  with  the  completion  of  the  great 
Croton  Dam  in  1902  or  1903,  the  development  of  storage  on  the  Croton 
Watershed  will  have  been  carried  as  far  as  is  at  present  reasonable  or 
economical. 

There  is  said  to  be  a  good  site  for  building  a  dam  at  Cross  river  (dam 
site  "  N  "  of  the  Old  Croton  plans)  to  store  about  9  billion  gallons  of  water 
at  a  cost  stated  to  me  by  Mr.  Birdsall,  as  roughly  estimated,  of  $1,500,000, 
for  lands,  structures  and  all  attendant  expenses.  There  are  said  to  be  one 
or  two  other  possible  sites  (dam  site  "  K-L  "  and  dam  site  "  O  "  of  the 
Old  Croton  plans),  each  of  nearly  as  great  capacity,  but  of  larger  cost  for 
development. 

This  addition  by  a  dam  at  Cross  river  of  9  billion  gallons  of  storage  to 
the  65  or  70  billions  available  without  flashboards  in  the  year  1902,  under 
the  same  rainfall  conditions  that  prevailed  on  the  Sudbury  in  1880-3,  would 
add  about  12  million  gallons  per  day  to  the  estimate  of  275  million  gallons 
per  day  stated  above,  but  to  draw  so  much  would  add  a  year  to  the  average 
period  of  depletion  of  the  reservoir  system  as  a  whole  and  keep  the  reservoirs 
too  long  drawn  down. 

I  have  not  had  time  to  examine  exhaustively  into  this  question  of  a 
reservoir  at  Cross  river,  but  from  present  information  I  am  strongly 
inclined  toward  the  belief  that  the  limit  of  economical  storage  development 
for  the  Croton  Watershed  for  the  present  will  have  been  reached  with  the 
completion  of  the  New  Croton  Dam  in  1902,  which  will  add  somewhere 
between  23  and  27  billion  gallons  of  available  storage,  making  the  total 
available  storage  65  or  70  billion  gallons,  which  is  equivalent  to  from  189 
million  gallons  of  controlled  storage  per  square  mile  of  net  land  surface  in 
the  Croton  watershed,  to  203  million  gallons  of  storage  per  square  mile,  the 
latter  figure  including  every  possible  reservoir. 
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//  is  certain  beyond  question  that  all  that  could  be  gained  from  this  proposed 
Cross  River  Reservoir  would  not  supply  the  natural  increase  of  consumption  of 
water  in  Manhattan  and  The  Bronx  for  more  than  one  or  two  years.  Work  on  a 
much  larger  and  more  comprehensive  plan  is  needed,  and  more  water  for  the 
money  can  be  obtained  outside  the  Croton  Watershed  as  a  part  of  a  com- 
prehensive plan  than  by  expending  a  million  dollars  or  more  now  at  Cross 
river.  Possibly  in  the  distant  future  a  reservoir  at  this  site  may  become 
worth  its  cost;  after  filtration  is  available  to  remedy  the  ill  effects  of  long 
depletion. 

Adequacy  of  Brooklyn's  Present  Water  Sources. 

For  five  years  or  more  past  the  urgent  need  for  an 
additional  source  of  water  supply  has  been  so  clearly  apparent 
to  all  who  have  made  themselves  familiar  with  the  Brooklyn 
Water-works  that  I  have  not  thought  it  profitable  to  devote 
any  considerable  proportion  of  the  brief  time  at  my  disposal 
to  the  making  of  measurements  of  consumption  in  Brooklyn 
or  the  compilation  of  further  statistics  regarding  Brooklyn's 
needs.  Five  years  ago  this  matter  was  ably  investigated  by 
Mr.  I.  M.  de  Varona,  Engineer  of  the  Brooklyn  Water-works, 
under  the  direction  of  Mr.  Alfred  T.  White,  then  Commis- 
sioner of  City  Works,  and  a  report  made  to  the  Brooklyn 
Common  Council,  dated  January  31,  1896.  From  the  pub- 
lished copy  of  this  report,  pages  5,  26  and  27,  we  learn  that 
Engineer  de  Varona  concluded  that  the  sources  then  in 
possession    of   the    city,    west    of    Massapequa,    when    fully 

developed,  would  have  a  safe  yield  in  dry  years  of 114  million 

gallons 
per  day, 

but  to  collect  and  convey  all  of  this  to  the  city  requires  an 

aqueduct  enlargement  and  other  improvements  not  yet  built. 

The  consumption  from  the  public  sources  in  Brooklyn 
in  1898,  per  report  of  the  New  York  Department  of  Water 
Supply,  pages  24-25,  was  about 94  million 

gallons 
per  day, 
with  10  million  gallons  daily  in  addition  drawn  from  private 

water  companies. 

In  1899  the  average  consumption  from  public  sources  was  92  million 

gallons.    Last  summer  the  city  was  reported  to  be  on  the  verge  of  a  water 
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famine;  this  has  helped  to  check  the  increase.  So  that  for  the  last  3  months 
of  1899  consumption  averaged  88  million  gallons  daily  from  public  sources. 

During  the  summer  of  1899,  Brooklyn  came  so  near  to  the  exhaustion 
of  its  visible  supply  that  no  further  demonstration  of  the  urgent  requirement 
for  additional  supply  appears  necessary  in  this  report. 

The  per  capita  consumption  in  Brooklyn  is  lower  than  in  any  other 
large  city  in  this  country,  so  there  is  no  hope  of  increasing  the  available 
supply  by  decreasing  the  per  capita  consumption  or  decreasing  the  waste 
enough  to  more  than  take  care  of  the  new  consumers  coming  in  the  period 
required  for  building  the  works  for  the  new  supply. 

The  Borough  of  Queens  is  in  urgent  need  of  additional  supply.  The 
conditions  are  in  part  set  forth  in  pages  28  and  29  of  the  Annual  Report  of 
New  York  Department  of  Water  Supply  for  1898,  but  beyond  the  inadequacy 
of  the  present  sources  to  g^ve  sufficient  volume,  it  may  be  noted  that  the 
quality  of  the  present  sources,  which  are  driven  wells  near  to  the  territory 
already  occupied  by  dwellings  and  factories  and  which  will  each  year  become 
more  thickly  populated,  must  become  continually  less  desirable. 

The  Borough  of  Richmond,  as  is  more  fully  set  forth  later  in  this  report, 
has  several  considerable  villages  in  which  there  is  no  water  supply  whatever 
and  the  present  sources  appear  already  taxed  to  the  safe  limit  and  appear 
liable  to  such  pollution  as  the  Island  becomes  more  thickly  populated,  that 
they  may  ultimately  have  to  be  abandoned. 

It  would  have  required  fully  two  months  more  time  than  that  at  my 
disposal  to  have  collected  the  detailed  information  requisite  for  properly 
setting  forth  these  matters  in  a  statistical  way,  but  the  fact  is  apparent 
beyond  doubt  or  question  to  any  one  who  will  give  the  matter  brief  study, 
that  every  one  of  the  several  Boroughs  of  Greater  New  York  is  in  need  of 
more  water,  due  in  most  cases  to  the  rapid  growth  in  population. 
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Notes  relating  to  various  items  in  Table  No,  I. 

New  York — The  population  for  Manhattan  and  Bronx  by  the  Police  census  is  used  in  1890.  This 
figure  IS  about  190,000  larger  than  that  given  by  the  United  States  Census. 

Brooklyn — The  figures  given  for  population  and  consumption  are  for  the  Ridgewood  system  of 

supply. 
Boston — The  figures  given  for  population  and  consumption  are  for  the  Cochituate  and  Mystic 

systems  of  supply,  which  included  also  Somerville,  Chelsea  and  Everett. 

New  Orleans — The  conditions  in  New  Orleans  are  abnormal,  a  smaller  percentage  of  the  popula- 
tion than  is  usual  being  connected  to  the  city  water  works  system.  For  instance,  in 
1895  there  were  only  4,800  taps,  while  in  Atlanta,  Georgia,  a  city  with  about  the 
same  consumption  per  inhabitant,  but  only  with  about  one-fourth  of  the  population, 
there  were  6,266  taps. 

Pittsburg — The  figures  given  for  population  and  consumption  are  for  Wards  i  to  23,  inclusive, 
which  are  the  only  ones  supplied  from  the  municipal  water  works  system.  The  position 
of  Pittsburg  in  the  list  is  in  the  order  of  the  total  population. 

Washington — Consumption  figures  given  are  from  the  Engineer  Commissioner's  report,  which  are 
based  upon  the  population  of  the  whole  District  of  Columbia,  of  which  about  6  per 
cent,  is  without  water  facilities.     See  "  Eng.News,"  November  2,  1899. 

Montreal — Figures  in  the  1898  columns  are  for  the  year  1897. 

Toronto — The  percentage  of  taps  metered  is  given  for  the  year  1895. 

Kansas  City — ^The  average  of  the  figures  for  consumption  for  1896,  1897  and  1898  is  given  in  the 
1895  column. 

Providence — The  figures  given  for  population  and  consumption  are  for  the  city  and  alFo  the 
suburban  territory  supplied  with  water.  The  position  of  Providence  in  the  list  is  in 
the  order  of  the  city  population,  without  suburbs. 

Denver — The  consumption  for  1887  is  given  in  the  1885  column. 

Allegheny — The  average  consumption  for  1886  and  1887  is  given  in  the  1885  column. 

Syracuse— The  average  consumption  for  1896  and  1897  is  given  in  the  1895  column. 

Toledo— The  average  consumption  for  1876  and  1877  is  given  in  the  1875  column.  The  percen- 
tage of  taps  metered  is  given  for  the  year  1890. 

Richmond — The  average  consumption  for  1885,  1866  and  1887  is  given  in  the  1885  column. 

Paterson — The  average  consumption  for  1895  and  1896  is  given  in  the  1895  column. 

Atlanta — The  percentage  of  taps  metered  is  given  for  the  year  1895. 

London — The  population  figures  given  are  for  the  Water  District. 
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SECOND  QUBSTiON.—Vf ASTE  OP  WATER  AND  ITS  PREVENTION. 

More  than  half  the  present  supply  is  wasted.  The  hydraulic  and  engin- 
eering features  of  preventing  most  of  this  waste  are  not  difficult.  Meters  for 
the  whole  of  Manhattan  would  cost  no  more  than  has  been  stated  to  me  as 
probable  cost  of  the  Cross  River  Reservoir  and  would,  I  believe,  add  twice 
or  three  times  as  much  to  the  available  supply.  The  real  difficulties  on  saving 
the  waste,  which  I  fear  are  at  present  insurmountable ,  rest  in  human  nature,  and 
are  questions  of  public  sentiment,  politics  and  good  government. 

The  consumption  and  waste  of  water  per  inhabitant  is  not  greater  in 
New  York  than  in  tJve  other  large  American  cities  (in  fact,  it  is  less),  and  I 
believe  there  has  been  a  tendency  in  many  recent  discussions  to  exaggerate 
New  York's  rank  in  wastefulness  of  water  and  to  over-estimate  the  saving 
that  can  be  made,  because  of  failure  to  appreciate  that  the  real  obstacles  to 
reform  are  grounded  in  human  nature,  and  not  in  hydraulic  engineering; 
nevertheless,  the  waste  is  excessive  in  New  York,  just  as  it  is  excessive 
beyond  reason  in  all  of  our  other  large  American  cities,  and  it  is  an  engin- 
eering certainty  that  much  of  this  waste,  here  or  elsewhere,  can  be  prevented 
if  the  average  of  public  sentiment  really  so  demands.  Saving  a  part  of  this 
waste  in  New  York  and  Brooklyn  is  the  only  means  by  which  the  possibility 
of  a  shortage  of  water  in  1901  can  be  avoided. 

Diagram  No.  4*  shows  where  the  consumption  and  waste  of  water  in 
New  York  and  Brooklyn  stands  in  relation  to  that  of  other  cities.  Table 
No.  I  gives  data  that  could  not  be  added  to  Diagram  No.  4  without  con- 
fusion, for  all  of  the  forty  largest  American  cities  which  measure  their  total 
water  delivery,  and  for  certain  large  foreign  cities.  This  was  compiled 
from  the  answers  to  letters  written  to  the  Superintendents  of  various  Water 
Departments,  and  in  part  from  the  printed  water-works  reports.  It  is  parti- 
cularly interesting  in  showing  the  tendency  of  all  of  our  American  cities 
toward  increasing  consumption  along  with  the  increase  in  conveniences  of 
plumbing  and  increase  in  the  number  of  tank  ball-cocks,  and  to  the  increased 
use  for  manufacturing,  steam,  electric  power,  lighting,  tall  buildings,  etc., 
and  of  this  total  increase,  the  experience  of  the  metered  cities  in  comparison 
with  the  unmetered,  shows  that  with  the  more  fixtures  per  house  and  the 
older  pipes,  the  waste  is  increasing  more  rapidly  than  the  use. 

It  will  be  seen  from  Diagram  No.  4  that  New  York  and  Brooklyn  each 
make  a  favorable  showing  compared  with  many  other  cities,  and  it  is  of 


A  very  similar  compilation  pointing  to  the  same  conclusion  is  to  be  found  in  the  extremely 
sting  report  of  the  Commission  of  Ex 
Philadelpnia  supply,  made  in  October,  1899. 
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passing  interest  to  note  that  the  consumption  of  both  Brooklyn  and  New 
York  were  quoted  as  comparatively  low  by  the  commission  of  eminent 
engineers  that  recently  investigated  the  Philadelphia  Water  Supply,  and  in 
the  report  of  the  Engineer  Commission  which  planned  the  new  supply  for 
Cincinnati  in  1896,  the  consumption  in  New  York  was  referred  to  as  being 
"  low  because  of  its  large  use  of  meters."  Stated  in  other  words,  while 
the  waste  of  water  in  New  York  and  Brooklyn  is  very  large,  the  combined 
use  and  waste  in  New  York  and  Brooklyn  is  not  so  large  as  in  Philadelphia, 
Buffalo,  Pittsburgh,  Washington,  Chicago,  Cleveland,  Albany,  Detroit, 
Paterson,  Boston,  and  a  number  of  other  cities. 

By  observations  made  under  my  supervision  at  the  Central  Park  Reser- 
voirs, described  in  Appendix  No.  3  of  this  Report,  it  is  shown  to  be  prob- 
able that  out  of  116  gallons  per  inhabitant  per  day  now  regularly  delivered 
from  the  Croton  Aqueduct,  tw^o-thirds  is  wasted.  In  Brooklyn  similar 
measurements  show  that  one-half  is  wasted. 

Without  doubt  this  water  wastes  in  New  York,  as  elsewhere,  through  a 
combination  of  the  following  kinds  of  leakage : 

Distribution  of  Leakage. 

Firsty  and  probably  much  the  most  important  is  leaky  house-plumbing. 
Second,  probably  next,  although  possibly  first  in  order  of  magnitude,  old  and 

leaky  service  pipes  between  the  street  main  and  the  cellar,  and 

abandoned  service  pipes. 
Third,  probably  next  in  magnitude,  is  loss  from  the  leaving  of  water-cocks 

unnecessarily  open  by  the  careless  10  per  cent,  or  20  per  cent,  of  the 

householders. 
Fourth,  a  smaller  proportion,  through  leaky  joints  in  New  York's  833  miles 

of  distribution  mains,  and  occasional  rust  holes  or  cracks  in  some 

m 

of  the  pipes  laid  50  years  ago  that  were  cast  on  the  side,  according 
to  the  defective  methods  of  early  days  and  in  pipes  near  salt  water. 

Fifth,  there  is  a  possibility  that  the  embankments  and  beds  of  the  distributing 
reservoirs  are  not  absolutely  impervious. 

Sixth,  we  must  not  ignore  the  fact  that  the  stealing  or  "  unlawful  diversion  " 
of  water  through  surreptitious  connections  has  happened  in  other 
cities,  since  the  time  of  Frontinus  in  Rome,  and  is  said  to  have 
happened  in  New  York,  and  that  this  would  be  very  difficult  of 
discovery  under  present  conditions,  but  the  percentage  of  the  whole 
waste  or  loss  that  can  be  taken  through  surreptitious  connections 
here  in  New  York,  must,  I  believe,  be  very  small. 


38 

Waste  7/^.  Use. 

The  relative  proportions  of  waste  and  use  in  New  York  and  Brooklyn 
were  measured  by  means  described  in  Appendix  No.  3. 

The  basis  of  the  method  followed  in  these  measurements  is  the  well- 
known  fact  that  about  nine-tenths  of  the  real  use  of  water  occurs  in  the  hours 
of  activity,  or  between  5  o'clock  in  the  morning  and  12  o'clock  at  night; 
while  the  waste  of  water  through  leaks  goes  on  at  pretty  much  the  same  rate 
throughout  the  24  hours,  night  and  day.  Therefore  by  measuring  the  rate 
of  draft  going  on  in  every  hour  of  the  24,  the  rate  at  which  water  disappears 
from  aqueduct  and  reservoir  in  the  quietest  hour  of  the  night — a  little  after 
midnight,  after  the  house  tanks  have  become  filled,  or  say  from  2  to  4  a.  m. — 
is  mainly  a  measure  of  the  zvaste  while  the  excess  of  rate  of  draft  in  the  hours 
of  activity  over  this  minimum  night  rate  is  an  approximate  measure  of  the 
actual  use. 

Diagram  No.  5  gives,  in  the  lower  half  of  the  sheet,  these  hourly  varia- 
tions in  the  consumption  in  Manhattan,  and  merits  careful  study.  It  is 
interesting  to  follow  this  rate  of  consumption  through  from  hour  to  hour  and 
from  day  to  day,  to  note  the  larger  use  on  Monday,  the  small  use  on  Sunday, 
the  maximum  point  at  10  a.  m.,  the  gradual  tapering  off  at  night  as  tanks 
refill,  etc.  The  area  on  the  diagram  colored  blue  is  taken  as  representing  the 
portion  really  used,  and  the  area  colored  red,  the  portion  wasted.  These 
observations  were  made  by  two  sets  of  observers  working  in  12-hour  shifts, 
each  man  taking  observations  once  every  six  minutes  for  the  entire  twenty- 
four  hours.  The  observations  continued  ten  days,  were  made  with  much  pre- 
cision of  measurement,  the  assumptions  involved  in  the  computation  all 
appear  reasonable,  the  chances  for  error  were  carefully  reviewed  and  appear 
to  have  been  effectually  guarded  against,  and  the  same  large  consumption 
of  water  is  repeated  night  after  night  and  day  after  day  with  remarkable 
agreement.  While  I  feel  that  one  should  go  slowly  in  drawing  con- 
clusions from  any  single  series  of  observations,  nevertheless,  after  a 
study  of  the  best  available  maps  of  the  pipe  distribution  system  and 
inquiry  into  the  methods  in  use  in  its  regulation,  and  after  having 
reviewed  the  methods  of  my  measurement  under  both  friendly  and  adverse 
criticism,  no  good  reason  against  their  accuracy  has  appeared,  and  I  can 
see  no  good  reason  for  distrusting  the  substantial  accuracy  of  these  curves 
of  rate  of  draft  in  Diagram  Nos.  5  and  6.  The  curves  of  Diagram  No.  5 
apply  to  the  entire  supply  from  the  Croton.  It  will  be  noted  that  even  in 
the  early  hours  of  Sunday  morning  after  the  house  tanks  and  the  factory 
tanks  have  all  had  ample  time  to  become  refilled  long  before  most  citizens 
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are  awake,  and  at  an  hour  zvhcfi  the  real  use  must  have  been  almost  zero,  the  draft 
or  outflow  from  the  pipes  did  not  fall  below  the  rate  of  p4  gallons  per  inhabitant 
per  24  hours,  but  in  order  to  give  ample  allowance  for  the  New  York  con- 
sumption by  night  being  greater  than  is  most  cities,  I  have  called  the  rate  of 
night  use  19  gallons,  which  makes  the  waste  75  gallons  per  inhabitant  per 
day.  This  leaves  for  the  average  rate  of  use  at  the  busiest  hour  of  10  a.  m., 
on  Monday  morning,  71  gallons  per  inhabitant  per  day,  and  indicates  that 
the  average  24-hour  7-day  use  throughout  Manhattan  is  only  about  40  gallons 
per  inhabitant  per  day. 

Confirmation  of  Tests  of  Leakage. 

After  the  preparation  of  Diagram  No.  5  and  the  presentation  of  copies  to  various  engineers 
for  criticism  and  suggestion  because  of  the  startling  proportion  of  waste  which  it  revealed,  some 
suggestions  were  received  among  which  the  following  demand  special  consideration: 

First — It  was  asked  if  the  accuracy  of  measurement  might  not  be  impaired  by  the  fact  that 
there  were  by-pass  connections  open  around  the  Central  Park  Reservoirs,  from  the  end  of  the 
Croton  Aqueduct  at  One  Hundred  and  Thirty-fifth  street  directly  into  the  distributing  mains,  so 
that  all  the  water  used  on  Manhattan  Island  did  not  pass  through  these  Central  Park  Reservoirs. 
In  reply,  a  careful  consideration  will  show  that  this  would  not  affect  the  accuracy  of  the  measure- 
ment.    The  logical  form  of  the  demonstration  is — 

1st.  Substantially  all  the  water  consumed,  used  and  wasted  on  Manhattan  Island  came  from 
the  New  Croton  Aqueduct. 

2d.  The  rate  of  delivery  of  this  aqueduct  was  maintained  almost  absolutely  uniform,  day 
and  night,  for  two  weeks  or  more. 

3d.  The  only  storage  place  of  noteworthy  size*  into  which  a  surplus  delivery  of  the  aqueduct 
could  be  discharged  in  those  hours  when  rate  of  consumption  was  smaller  than  the  uniform 
aqueduct  delivery,  was  the  Central  Park  Reservoirs,  and  those  Central  Park  Reservoirs  are  the 
only  storage  from  which  the  reserve  could  be  taken  in  those  hours  of  greatest  activity  when  rate 
of  draft  of  water  is  larger  than  the  uniform  rate  of  aqueduct  delivery. 

4tb.  Therefore  the  rise  and  fall  of  the  Central  Park  Reservoirs  mast  be  a  reasonably  accurate 
measure  of  the  hourly  variation  in  rate  of  consumption  of  Croton  water. 

5th.  Therefore,  by  deducting  the  reservoir  fill  by  night  from  the  uniform  Aqueduct 
delivery,  or  by  adding  the  reservoir  depletion  by  day  to  the  uniform  aqueduct  delivery,  an 
accurate  measure  of  the  rate  of  consumption  at  any  hour  of  the  twenty-four  can  be  obtained , 
irrespective  of  any  change  in  the  gates,  and  regardless  of  whether  a  part  of  the  water  or  the 
whole  of  the  water  is  by-passed  into  distribution,  so  long  as  there  is  a  fair-sized  open  connection 
between  the  reservoir,  the  Aqueduct  and  the  distribution  system. 


*The  high  service  reservoir  is  so  small  (one  acre)  as  compared  with  the  125  acres  in  the  Central 
Park  Reservoirs  that  its  modifying  effect  can  be  disregarded.  Its  fluctuations  were  observed 
through  one  24  hours  and  found  to  affect  the  per  capita  result  by  less  than  0.25  gallons.  Any 
error  in  the  unaccountably  high  night  delivery  of  the  high-service  pumps  can  at  most  affect  the 
final  result  for  the  whole  city  by  only  one  gallon  per  capita.  Computation  indicates  that  any 
possible  open  connection  between  High  Service  and  the  Bronx  would  not  affect  the  result  for  the 
whole  city  by  more  than  one-half  gallon  per  capita  per  24  hours.  Observations  on  high-service 
pumping  were  rendered  incomplete  by  an  interference  elsewhere  referred  to. 
-  In  the  present  discussion,  water  drawn  to  refill  house  tanks  is  classed  with  consumption. 
To  be  conservative,;  and  to  avoid  possibility  of  over-estimating  the  waste,  I  have  revised  my 
earlier  estimate  of  80  gallons  per  capita  by  throwing  all  the  margin  of  uncertainty  in  measure- 
ment, so  far  as  known,  in  the  direction  of  increasing  the  use  and  diminishing  the  waste. 
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This  question  of  the  proportion  of  use  to  waste  is  so  important  and  it  is 
so  difficult  to  secure  facts  instead  of  opinions,  or  to  secure  figures  that  may 
be  safely  applied  to  the  city  as  a  whole  from  tests  on  isolated  houses,  that  I 
also  sought  information  as  to  difference  in  day  and  night  consumption  in 
Brooklyn  and  was  courteously  afforded  facilities  for  investigation  by  Mr.  de 
Varona.  The  method  of  measurement  followed  is  described  in  the  latter  part 
of  Appendix  No.  3  and  the  results  given  in  Figure  54,  also  in  Figure  5.    I 


RateofNighi  Use — A  second  criticism  or  suggestion  was  that  perhaps  there  was  a  larger 
use  of  water  in  the  quietest  hours  of  the  night,  and  it  was  suggested  that  it  might  be  the  custom  of 
engineers  in  large  commercial  and  industrial  buildings  to  fill  their  tanks  after  midnight,  when  the 
city  water  pressure  was  higher  and  the  work  easier. 

In  reply : 

First — The  rate  of  19  gallons  per  inhabitant  per  24  hours,  which  I  have  allowed  for  the  actual 
use  at  night,  already  includes  a  very  liberal  allowance  for  the  peculiar  conditions  affecting  night 
use  in  New  York. 

Second — I  find  that  it  is  not  the  general  custom  of  night  stokers  or  superintendents  of  large 
buildings  to  pump  any  considerable  part  of  the  day's  supply  from  the  city  mains  after  midnight, 
and  in  tne  principal  districts  downtown  the  water  pressure  now  stands  only  10  feet  higher  by  night 
than  by  day,  as  snown  by  a  few  night  records  from  a  recording  guage  at  a  representative  location. 

To  make  sure  of  this,  I  had  Mr.  Harry  P.  Barr,  mechanical  engineer,  of  No.  141  Broadway, 
New  York  City,  a  gentleman  familiar  with  the  city  and  having  acquaintances  among  the  superin- 
tending engineers  of  large  buildings,  spend  about  10  days  in  diligent  inquiry  about  night  use 
among  the  superintendents,  engineers  and  night  firemen  of  a  large  number  of  typical  establish- 
ments, commercial  and  industrial  buildings,  power  stations,  steamship  piers,  railroad  stations  and 
hotels.  The  general  result  of  this  inquiry  was  to  prove  conclusively  that  the  proportion  of  water 
taken  from  the  city  pipes  between  midnight  and  5  A.  m.  by  the  above-mentioned  typical  classes  of 
large  users  is  extremely  snuill. 

There  is  more  evidence  of  a  late  draft  in  refilling  tanks  in  the  high-service  district  than  in 
the  low-service  or  downtown  districts.  Downtown  the  uniformity  of  water  pressure  has  been  much 
improved  within  a  very  few  years  past  by  additional  large  pipes  and  by  opening  the  gates  wider, 
so  that  now  the  water  level  fluctuates  only  about  10  feet  from  night  to  day  for  an  average  of  the 
important  localities  ;  while  uptown,  in  the  high-service  district,  the  conditions  have  been  steadily 
growing  worse  as  pump  capacity  has  become  outgrown.  Within  about  a  year  the  water  level  by 
day  is  said  to  have  fallen  about  one  story  in  height  and  to  be  now  20  or  30  feet  lower  by  day  than 
by  night. 

Judging  by  the  rate  of  fall  of  the  night  curve  on  Diagram  No.  4  soon  after  midnight  on  Sunday, 
December  3,  and  again  on  Sunday,  December  10,  the  tanks  had  become  filled  and  the  night  flow 
constant  by  2  A.  M.  On  comparing  the  night  curves  of  the  different  cities  given  in  Diagram  No.  5, 
the  larger  draft  in  the  early  night  in  New  York  stands  out  plainly,  but  it  appears  that  we  throw 
all  uncertainty  in  favor  of  use  and  surely  avoid  an  over-estimate  of  waste  when  we  call  the  mini- 
mum rate  of  use  at  night  19  gallons  per  capita. 

The  night  use  finally  adopted  in  my  computations  at  rate  of 19  ^llons  per 

inhabitant 
per  24  hours 
is  a  much  larger  rate  of  night  use  than  that  found  in  the  few  cities  where  there 
are  means  for  measuring  the  use  apart  from  the  waste,  and  where  the  rate  of  com- 
bined  use  and  waste  have  also  been  measured. 

For  example,  as  shown  by  Diagram  No.  6, 

Fall  River  minimum  consumption  is  at  the  rate  of 12  gallons  per 

inhabitant 
per  24  hours. 

Woonsocket  minimum  consumption  is  at  the  rate  of 9.5  gallons  per 

inhabitant 
per  24  hours, 
and  deducting  from  these  a  probable  Ttniste  of  6  or  7  gallons,  leaves  only  about  4 

?rallons  per  inhabitant  as  probable  for  the  rate  of  use  apart  from  waste  at  night 
rom  2  to  4  A.  M.  in  these  cities  against  the  19-gallon  rate  assumed  herein  to  exist 
in  New  York. 
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also  sought  information  as  to  the  proportion  of  use  to  waste  in  those  cities  in 
which,  so  far  as  I  can  learn,  the  greatest  progress  has  been  in  the  prevention 
of  waste;  namely.  Fall  River,  Mass.,  and  Woonsocket,  R.  I. 

Each  of  these  is  a  compactly  built  manufacturing  city  in  which  the  rate  of  domestic 
consumption  would  be  a  safer  guide  for  the  present  purpose  than  that  of  certain  suburban  com- 
munities like  Newton,  Mass.,  and  some  others  in  which  water  meters  have  been  largely 
introduced  and  water  waste  strenuously  repressed.  Both  in  Fall  River  and  in  Woonsocket  it 
happens  that  there  is  no  abnormal  use  for  the  very  large  factories  or  for  ptocesses  requiring 
unusual  volumes,  ioi  in  each  city  nearly  all  of  the  factories  that  make  exceptional  use  of  water 
are  alongside  of  a  river  or  pond,  from  which  the  factory  supply  is  taken,  and  in  each  of  these 
cities  the  distributing  reservoir  for  equalizing  hourly  fluctuations  happens  to  be  a  tight  steel  tank, 
thus  eliminating  the  question  of  leaky  reservoirs.  Fall  River,  in  particular,  is  so  Targe  and  with 
such  varied  interests  and  such  a  variety  of  residences,  that  its  curve  ot  rate  of  consumption  and 
its  total  consumption  are  of  special  interest. 

The  record  of  metered  use  in  larger  commercial  centres,  like  Boston 
or  Chicago,  would,  of  course,  be  a  more  satisfactory  guide,  but  in  the  cities 
of  this  class  unfortunately  no  good  data  can  be  found,  for  in  them  waste 
restriction  has  made  no  more  substantial  progress  than  in  New  York. 

In  Fall  River  and  in  Woonsocket,  observations  of  the  hourly  variation 
in  consumption  were  made,  at  my  request,  night  and  day  for  a  week.  Mr. 
P.  Kieran,  Superintendent  of  the  Fall  River  Works,  and  Mr.  Byron  W. 
Cook,  Superintendent  of  the  Woonsocket  Water  Works,  extended  every  pos- 
sible courtesy  in  this  matter,  and  the  observations  were  made  by  competent 
observers  with  much  care. 

Each  city  pumps  its  supply  into  large  steel  tanks  and  in  each  case  the  troublous  question  of 
reservoir  leakage  is  thus  eliminated.  At  Fall  River  two  of  the  three-million-j^allon  steel  tanks 
were  shut  off,  throwing  all  variation  in  level  onto  the  third,  which  was  regularly  observed.  The 
pump  counter  and  length  of  stroke  were  also  regularly  observed.  The  pump  slip  was  assumed 
to  be  4  per  cent.,  from  a  weir  determination  made  some  months  ago.  In  Woonsocket  the  pump 
does  not  run  at  night  and  the  change  of  level  in  the  tanks  is  recorded  automatically  by  a  Wins- 
low  recording  depth  gauge. 

The  observations  for  the  successive  days  nearly  all  repeat  very  well  and 
the  entirely  independent  determinations  in  these  two  diflferent,  but  thor- 
oughly metered  cities,  agree  very  remarkably. 

That  the  average  habits  in  hours  of  washing  and  hours  of  work  and  rest 
and  in  extra  volume  of  water  required  by  day  per  capita  for  the  thousands 
and  the  millions  of  persons  located  in  Woonsocket,  Fall  River,  Brooklyn  and 
New  York  average  pretty  much  alike  when  the  community  is  taken  as  a 
whole,  is  shown  by  the  wonderful  agreement  of  the  curves  of  Figure  5. 

Figure  6  indicates  that  the  difference  betzs^reii  the  per  capita  consumption  of 
Neiv  York  and  Brooklyn  and  that  of  Fall  River  and  Woonsocket  is  mainly  a  ques- 
tion of  restriction  of  zvastc. 
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Suminarizing  the  results  of  these  observations  on  the  Central  Park  Re- 
servoirs, we  find  the  following: 


Probable  Proportion  of  Use  and  Waste  of  Croton  Water. 

Estimated  population  supplied  by  Croton  only — total  for  high  and  low  service 1,947,000 


Observations  Madb  December  9  to  Dbcembek  5,  i89q,  DBCExiimR 
8  TO  December  15,  1899.  in  Very  Mild  Weather,  with  No  Ice 
AND  No  Occasion  pok  Waste  to  Prevent  Freezing. 


Probable  average  amount  of  water  really  used. 
Probable  average  amount  of  water  wasted. . . . , 

Assumed  incurable  waste 

Needless  or  curable  waste  (probably) , 


Total  uniform  rate  of  delivery  by  Croton  Aqueduct 
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The  proportion  of  waste  in  New  York  and  Brooklyn  revealed  by  these 
measurements  is  so  startling  that  it  is  sure  to  be  criticised  and  doubted  at 
first;  I  have,  therefore,  as  further  confirmation  of  the  method  and  result, 
transcribed  some  similar  curves  obtained  from  certain  small  districts  in 
Boston  before  and  after  a  season's  strenuous  work  in  discovering  and  stop- 
ping leaks.  These  are  given  in  Diagram  No.  6  immediately  following. 
The  saving  in  these  two  districts  of  Boston  effected  by  the  season's  work  of 
elaborate  investigation,  inspection  and  repair  amounted  to  30  gallons  per 
inhabitant  per  day,  and  for  the  whole  of  Boston  proper,  or  more  exactly  for 
the  portion  supplied  from  the  Sudbury  and  Cochituate  works,  the  application 
of  this  thorough  system  of  inspection  saved  29  gallons  per  inhabitant  per 
day  during  the  five  months,  April  to  August,  inclusive,  of  1884,  as  compared 
with  the  same  months  of  the  previous  year.* 

Requirements  for  Preventing  Waste. 

Returning  again  to  the  subject  of  this  great  waste  of  70  or  80  gallons 
per  inhabitant  per  day  in  New  York  City,  arising  from  the  five  causes  men- 
tioned on  page  37.  To  stop  this  waste,  we  must  first  find  where  it  is,  and 
to  locate  it,  we  need — 

1st.  An  accurate  daily  record  of  the  water  delivered  into  the  Central  Park 
Reservoirs  and  the  city  distribution  mains  from  Croton  and  Bronx. 
This  we  already  have,  through  the  aqueduct  gauging,  but  greater 
precision  of  measurement  is  needed  in  future. 

2d.  A  meter  on  every  service  pipe,  whether  it  supplies  a  factory,  a  store,  an 
office  building,  an  apartment  house,  a  dwelling  or  a  city  building; 
also  a  metering  of  tow-boat  supplies  and  every  kind  of  special  use. 
This  is  by  far  the  best  remedy  for  leaky  plumbing  and  careless  or 
willful  waste. 


*  Lest  one  be  misled  by  this  high  proportion  of  waste  to  use  in  New  York  and  by  the  hope 
of  checking  ir,  into  advocating  too  small  a  future  supply,  we  must  not  leave  this  subject  of  waste 
reduction  in  Boston  by  Deacon  meters  and  close  inspection  without  also  quoting  from  the  expe- 
rience of  Boston  to  illustrate  the  difficulty  or  impracticability  of  a  complete  and  permanent  cure 
for  waste  throughout  a  large  city  by  this  method.  Although  eighteen  years  ago  Boston  had 
established  what  was  probably  the  most  complete  water  waste  detection  service  that  existed  in 
any  American  city  (other  than  complete  metering),  having  about  80  Deacon  meters  in  use,  and 
although  the  consumption  of  water  in  the  city  as  a  whole  for  the  entire  year  was  lessened  about 
23,5  gallons  per  inhabitant  per  day,  or  from  91.5  gallons  per  capita  in  1883  to  68  gallons  in  1884, 
by  this  method  combined  with  thorough  inspection  of  house  fixtures,  but  as  its  efficiency  has  since 
been  relaxed,  and  the  method  has  lost  its  novelty,  the  consumption  has  increased,  until  in  1899  ^^ 
averaged  1 10  gallons  per  inhabitant  per  day,  or  about  the  same  as  in  New  York. 
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y\.  By  subtracting  the  water  thus  bought  and  paid  for  from  the  gross 
amount  delivered  by  the  aqueducts,  it  would  be  learned  for  the  first 
time  just  how  much  was  wasted  in  Xew  York  outside  the  houses, 
and  I  have  little  doubt  this  discrepancy  between  the  aqueduct  flow 
and  the  sum  total  of  the  meter  readings  would  be  found,  as  matters 
stand  to-day,  to  be  about  50  million  gallons  per  day  wasted  in  leaks 
outside  the  cellar  walls  in  Manhattan  and  Bronx  alone. 

4th.  To  locate  these  leaks  in  an  efficient  and  practical  way,  we  must  sub- 
divide the  distribution  system;  first,  into  districts  of,  say,  at  most, 
half  a  mile  square,  each  of  which  should  be  fed  by  not  more  than  2, 
or  at  most  3,  connections,  and  on  each  of  these  \'enturi  meter 
should  be  placed,  measuring  every  gallon  that  goes  into  this  dis- 
trict, and  thus  by  subtracting  the  service-meter  records  from  this 
main  \'enturi-meter  record,  the  amount  of  street-main-waste  and 
ser\'ice-pipe-waste  in  each  district  would  be  measured. 

5th.  Xext,  these  districts  of  about  half  a  mile  square  should  progressively  be 
examined,  taking  the  worst  first,  to  locate  and  check  the  individual 
leaks.  Doubtless  the  best  method  for  this  would  be  a  modification 
of  the  Deacon  meter  system.  Temporarily  subdividing  the  district 
into  sections  each  of  about  1,000  feet  square  by  closing  all  the 
water  gates  around  its  boundar>-  that  lead  into  it,  except  one,  and 
on  this  one  place  a  Deacon  registering  meter  that  could  be  moved 
from  one  section  to  another  within  the  district  as  the  examination 
progressed. 

The  mere  presence  of  water  meters  on  the  ser\'ice  pipes  of  all  consumers 
would,  according  to  my  best  guess,  save  at  least  50  million  gallons  of  water 
per  day  in  Manhattan  and  The  Bronx.  The  knowledge  that  there  is  a  water 
meter  in  the  cellar  is  a  powerful  reminder  to  have  leaky  plumbing  fixed  and 
shows  up  a  marvellous  number  of  unsuspected  leaks.* 


*  I  venture  to  give  two  or  three  examples  ot  good  citizens,  possessed  of  the  very  best  of 
intentions,  wasting  large  quantities  of  water  unknowingly,  where  the  waste  would  probiibly  col 
have  been  dij^covered  without  meters.     A  hundred  similar  illustrations  could  be  presented. 

At  the  Engineers*  Club  in  New  York,  a  lew  years  ago,  a  meter  was  applied  :  the  water  bill 
presented  appeared  out  of  all  reason,  but  the  meter  was  found  recording  correctly.  After  puzzling 
over  the  matter  for  some  time,  for  the  plumbing  inside  the  house  app>eared  tight,  it  was  found 
that  a  stream  had  been  constantly  running  day  and  night  into  a  house  tank  and  through  the 
overflow  pipe  from  the  tank  into  the  sewer.  Stopping  this  leak  reduced  the  quarterly  water 
bills  66  per  cent. 

A  very  prominent  mechanical  engineer,  Mr.  Robert  Cartwright,  of  Rochester,  being  of  an 
investigating  lum  of  mind,  had  a  water  meter  put  on  the  service  pipe  in  his  residence  in  May, 
1895,  and  started  to  make  notes  on  the  water  required  for  his  family.   The  meter  quickly  ran  up  such 
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Certain  leaks  and  losses  too  small  for  detection  singly  must  continue 
to  exist  under  even  the  closest  supervision  of  leaks  in  mains  and  service 
pipes,  and  with  a  meter  on  every  tap.  These  in  the  aggregate  cannot  prob- 
ably be  brought  below  5  to  lo  gallons  per  inhabitant  per  day.  In  Fall  River 
and  a  few  other  cities  where  meters  are  almost  universal,  the  discrepancy 
between  what  is  measured  into  the  main  pipes  at  the  pumps  and  what  is 
measured  out  from  the  small  service  pipes  by  the  house  meters,  etc.,  is  found 
to  be  anywhere  from  6  to  20  gallons  per  inhabitant  per  day. 

In  the  Deacon  meter  record  shown  in  Diagram  No.  4,  it  will  be 
noted  that  after  rigorous  inspection  and  thorough  repair  of  main  arid  service 
pipes  in  the  street  and  fixtures  in  the  house,  the  total  night  use,  which  was 
doubtless  substantially  all  waste  in  this  small  district,  was  not  brought  below 
a  rate  of  10  gallons  per  inhabitant  per  day. 

Under  equal  qualities  of  workmanship  in  one  city  as  compared  with 
another,  this  leakage  from  mains  and  services  should  be  in  direct  proportion 
to  the  diameter  and  length  of  the  pipes  and  the  number  of  service  pipes,  and 
since  the  number  of  miles  of  pipe  per  thousand  of  population  is  far  less  in 
New  York  than  in  any  other  American  pity,  we  may  reasonably  expect  that 
the  incurable  waste,  after  complete  metering  and  thorough  repairs,  would  be 
found  as  low  in  New  York  City  as  anywhere;  Fall  River  has  succeeded  in 
bringing  the  "  consumption  unaccounted  for  "  down  temporarily  as  low  as 
/gallons  per  inhabitant  per  day,  but  10  gallons  is  as  low  as  this  can  probably 
be  brought  in  New  York  as  a  whole,  for  any  considerable  term. 

Probable  Subdivision  of  Use  and  Waste. 

It  is  of  interest  when  trying  to  forecast  the  future  and  to  decide  how  far 
we  are  likely  to  get  in  checking  waste,  to  assign  the  most  definite  value  that 
we  can  to  each  class  of  waste.  As  has  alreadv  been  stated,  there  is  no  means 
of  knowing  at  present  just  how  the  different  uses  and  wastes  are  subdivided 
in  New  York.  From  such  information  as  we  have  from  investigations  made 
in  other  cities,  and  starting  with  the  Central  Park  observations,  which  are 
described  in  Appendix  No.  3,  I  venture  to  present  the  following,  with  the 
caution  that  these  smaller  subdivisions  of  the  waste  rest  on  opinion  and  not 
upon  demonstration,  and  that  other  engineers  of  broader  experience  than  I 
possess  might  adjust  the  proportions  differently. 


a  record  that  he  thought  that  one  of  his  good  friends,  a  manufacturer  of  water  meters,  was  playing 
a  practical  joke  and  had  furnished  him  a  meter  with  an  extra  gear  in  the  register,  which  showed 
ten  times  the  real  use.  This  explanation  failed,  and  after  considerable  search  it  was  found  that  a 
by-pass  valve  in  the  hou<«e  piping,  which  was  always  kept  shut,  had  been  sent  from  the  factory 
without  a  valve-seat  and  had  been  for  two  years  passing  water  almost  as  freely  as  if  open,  and  thus 
a  steady  stream  had  been  running  through  this  into  the  sewer  for  two  years. 
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Table  Xo.  2. 

Przh-i'-le  Diitributicn  cf  Ust  and  H'asU — Present  and  Prsspectire. 


Thi«  Vk^Mt  is  to  b*  'jsitd  with  cazoca  as  u>  szbciri- 
«-.«  o<  V2sce. 

ar*  'CT  s»«ar'.y  ra:".t   i's  i«- >^  .  i»i.v- »  a=<i  ils^  th«  veccl 

icd   irri   c-Ii3".r.-»    are  lE-rrt'.T    pr':'-a':.  t --•.    aix?  rr^t  ctAsd    t*- 

Arjc.y  a;>cn  exj«T>t=cc  ^  :.::i-*  ',«£«r  tt-ia  New  V'.rfc.  tfAy  m  Mar- 

ha::an       ard 

"«;  1  vol  rf  •!^^«»«  5«'-«fiT?*i<«s  are  pr*se0*ed  Mtr^-ry  Tae  Broox. 
a^  matter*  of  op.n-'-c,  fuijcci  to  m-s»:B.  after  tertises 

!•  «  :o  're  noted  th»r  tn«  nr^uBber  of  wat*T-j«pe'  fcrtts 
per  ■  oco   nhah  u-.t*  snd  !*:€  euixber  cf  s*- »-::*;. xp'ea  ptr 

i.cco  lr-^-.;:ar.'»  I*  r.-sc  -a.IiS  zreat  :-   Ne»  V   rk  a«    s  

m'«  A-rtr-.tacef^^  ;  w-^-re'h^  sja  .'cs  percT.ta  l-aic-  Gsl!'!:* 

inz  :a'SKi»  ;5«  c*iar»A^-  j:  >cw  V:,nc  -tcsii  ae  rela-  p^^  ^  ra^iLaat 

mciy  soial..  per  c^ ay. 

Aelaal  one — 

Domestic  » average! , 12  to    ao 

Manu factahr. ^  ar. -i  commercial 20  to    30 

C::y  b-ild  n^i,  etc 2  to      4 

Fires  and  street  £~^h:ng  and  sprinkling 0.4  to  0.7 

Total 34to    55 

Inrarable  wanle  'probah:li:iesi— 

Leaks  in  ma:". s I  10      2 

Leaks  :n  oil  ar.4  abandoned  '«r>icc  pipes. .  I  to      2 
Poor  f.!  jm'' :r.g,  «::h  all  taps  metered  and 

c.oie  :r. «.;.<: jt:oa 2  to      3 

Cnrelcis  ar.^i  wil.rul  wa-^te 1  to      2 

L'r.'ier  registry  01  meieis — Coipmercial 1  to      I 

Domestic o  to      o 

Total  incurable  and  ander  regi>try.  6  10    10 

M:n:n:um  use  and  wa^te 40  to    65 

3f  eedle«Mi  earaMe  wanle — 

The  folloafr.g  subdivisions  are  merely 
as«::n:p!fons  ar. !  do  not  rest  on  definite 
knowledge.     The  total  is  fairly  certain  : 

lo  «>treet — I>eaks  in  mains. . . ,.  .(foragness)  1510    10 

"*           Leak^  in  service  p:pes          "  15  to    10 

Inb-iidinj;-* — I  ^elective  plumbing         '*  25  10    15 

*'             CareleKand  wilitul         *'  17  to    14 

To  prevent  freezing  in  winter  f  Mean  for  en- 

To  get  cooler  water  in  summer  )      tire  year.  3  to      i 

Total  needless  waste 75  to    50 

Total  con«.amption il5toll6 


Coaiplete  Xet«rs  aloae  ^rili  prol»Bl»ljr  e«re 
obI J-  ab««t  teair  tMe  waste. 


af 

ler  ifo-cr.zr 
CT»Tha-  i-^. 
■-sk  a  =-.feT 
'«  errrr  tap. 
vi:h  K  '.  s : 
|-jcrv_;:b  a- 
«pe«->:spra:- 
tacabje.  aiad 
vt*::  |.r3CBpc 
i>:f«ain. 


Ga.1 

iriab-.tart 
per  2a  V. 


About 

the  same 

as 

now. 


res«<s  t^^T   caa 


34  to  55 


I     About     '' 
the  same 
as 
I      now. 


I  to     I 


8  to  12 


42  to  67 


I 


None. 


o  to    o 


42  to  67 


a.^*!  SVC&  sct-vr;  ■e- • 
irJLra^-^=,«xr  as  -.i^ 
pr:'::ilij  &e  ><-c^rf- 
jwls  =sc  rr-r  ti- 
pcr;ci»ie  of  trse  aTrr- 
xce  laixe  Aaeracaa 
dry. 


■3  to 
25  to    35 

2  to        4 

0.4  too. 7 


40  to    60 


A  Slight  increase  as 
pipes  and  £x- 
tures  average 
oMei. 

oto      1 
10  to    17 


50  to 


/  / 


5  to  10 

3  to  5 

15  to  20 

10  to  15 

I  to  3 


34  to    53 


S4  to  130 

W.th  -Mt  cotnplet*  me- 

l?rin<. 
Or  probably  aboui  75 

to  100  »ith  a  meter 

CD  every  tap. 
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It  must  be  borne  in  mind  that  in  a  large  city,  the  houses  of  the  working 
people  are  far  more  numerous  than  the  homes  of  luxury,  and  that  the  experi- 
ence in  cities  where  all  taps  are  metered  is  that  the  per  capita  use  of  water  in 
the  cheaper  houses  is  much  less  than  in  the  more  expensive  houses.  The  follow- 
ing table  (Xo.  3)  taken  from  a  report  made  by  Dexter  Brackett,  C.  E.,  as  a 
part  of  the  preliminary  investigations  for  the  Massachusetts  Metropolitan 
Supply  in  1894,  is  of  much  interest  in  this  connection. 

Quantity  Required  for  Donwstic  Use. 

In  support  of  the  subdivisions  of  the  preceding  table,  particularly  of  the 
low  figure  set  down  for  the  actual  domestic  use,  exclusive  of  waste,  namely : 


Present  actual  domestic  use 12  to  20  gallons 

per  inhabitant 


gaj 
abii 
per  24  hours. 


Brief  consideration  will  show  that  the  only  reHable  guide  is  the  experi- 
ence of  some  city  of  considerable  size  in  which  nearly  every  tap  is  metere<l 
and  in  which  the  records  of  domestic  consumption  are  classified  separately 
from  other  uses.  Any  estimate  based  upon  a  small  number  of  selected 
dwellings  in  New  York  is  likely  to  err  in  the  relative  number  of  houses  of 
each  class  and  the  per  capita  consumption  probably  averages  from  2  to  10 
times  as  great  in  middle  class  and  high  class  houses  as  in  the  more  humble 
dwellings. 

The  following  are  the  best  data  found  available  for  the  average  domestic 
consumption  of  water  in  large  communities  having  a  large  industrial  popu- 
lation : 

In  Fall  River  in  the  year  i8qi,  70,000  inhabitants  drew,  as  shown  by  the  sum  of 

the  domestic  meter  readings,  an  average  of 1 1 .2  gallons  per 

inhabitant 
per  day. 

In  Fall  River  in  jSqg — the  Water  Registrar  has  very  kindly  made  up  for  me  a 
separate  classification  of  the  domestic  meter  accounts,  which  shows  the  total 
consumption  by  a  population  estimated  at  99,000  to  have  averaged — in  the  year 

1899 14.6  gallons  per 

inhabitant 
per  day. 

In  Lawrence,  Mas«.,  another  city  largely  devoted  to  manufacturing,  a  compilation 
recently  made  for  me  in  the  office  of  the  Water  Board,  shows  that  the  aver- 
age metered  consumption  by  that  portion  of  the  population  having  the  metered 

services,  estimated  at  43,825,  averaged 16.3  gallons  per 

inhabitant 
per  day. 

In  Woonsocket,  R.  I.,  another  city  where  substantially  every  tap  is  metered,  the 
domestic  consumption  of  27,500  population,  from  the  aggregate  of  the  metered 
readings,  as  kindly  compiled  for  me  by  the  Superintendent,  Byron  VV.  Cooke, 

C.  E.,  averaged  for  the  year  1899 14.  i  gallons  per 

inhabitant 
per  day. 
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In  Woonvjcket  domestic  con^imption  aTcraged  in  1S9S 13.4  gallons  per 

iDluibita.at 
per  day. 

In  Worcester,  Mas«.,  for  the  year  ending  November  30,  1899,  with  sabstantiallj 
every  servicx  pipe  metered,  the  total  drawn  through  tne  domestic  metos 

daring  the  year  by  a  population  of  abont  1 12,000,  averaged 14  gallons    per 

inhabitant 
per  day- 

In  the  cities  of  Providence  and  Pawtucket,  also  large  manufacturing 
cities,  although  nearly  ever\'  domestic  tap  is  metered,  the  records  of  the 
Water  Registrar's  office  are  not  kept  in  such  a  way  that  the  average  domestic 
consumption  per  capita  can  be  learned  without  great  labor. 

Each  of  the  above  figures  for  Fall  River,  Worcester,  Lawrence  and 
Woonsocket  it  must  be  remembered  includes  such  domestic  waste  as  the 
average  man  permits  to  exist  when  he  has  a  water  meter  in  the  cellar  to 
quicken  his  memor\'  and  his  interest  in  the  repair  of  leaks. 

In  suburban  communities,  where  meters  have  perhaps  been  more  com- 
mon than  in  the  large  cities,  and  where  there  are  lawns  to  be  watered  and 
carriages  to  be  washed,  the  average  meter  consumption  per  capita  runs 
higher,  but  for  the  average  of  the  great  mass  of  the  population  of  Manhattan 
and  Brooklyn,  I  believe  the  figures  adopted  in  Table  Xo.  2  are  not  far 
out  of  the  wav. 

A  carefal  analysis  of  meter  readings  on  many  hundred  houses  made  by  Mr.  Dexter 
Brackett  during  the  investigations  preliminary  to  the  work  of  the  Massa- 
chusetts Metrop'-jlitan  Water  Board  showed  that  the  actual  use  of  water  per 
inhabitant  wai  very  much  less  in  the  more  humble  houses,  or  the  houses  with 
a  single  faucet,  than  in  the  houses  of  the  well  to  do  or  wealthy.  For  example, 
the  average  of  619  families  in  the  cheaper  grade  of  houses  in  the  City  of 
Newton,  Mai>s.,  having  but  one  faucet  each,  showed  a  daily  consumption  of 

only  about 7    gallons    per 

inhabitant 
per  day. 
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Table  No.  3. 

Consumption  p^  Capita  for  Domestic  Use  in  Boston,  Brookline,  Newton  ,t  Fall  River ^  Worcester, 
and  London,  England,  as  Determined  by  Meter  Aleasurenient.  Compiled  by  Dexter 
Brackftt,  C,  E.,  November  i,  1894. 


Botton. 


Brookline . 


Newton 


F.J  I  River. 


Worcester 


London  (England) 


NUMBES 
OF 

Houses. 


3» 

39 
339 

40 


490 


a8 
64 


1,169 
727 


NUI^IBBR 
OF 

Familif.s. 


402 

6a8 
2,ao4 

413 
3.647 


823 

490 
619 
278 

34 
148 

aOi5«4 
8x 

37 

93 

245 

239 


NUMBI-R  OF 
PEkSON'S. 


Metered  Consump- 
T.ON,  Gallons  per 


Remarks. 


x,46x 

2,524 

8.432 

1,844 

14,261 

«.«99 
4iX40 

2»450 
?,C05 

1.390 

170 
740 

90.942 

327 
187 

447 
1.X04 

809 

1,183 

5,089 


221. 

185. 

123. 

80. 

139- 


221.5 


X3a-5 


34-5 


127.5 


42. 


80.2 
118. z 
95- 
55- « 
55. 


Family.        Capita 


( 


) 


59 
46. 
32.      -j 

16.6  j: 
35.6  ] 
46.1 


Highest  coft  apartment  houses 
in  the  city. 

First-class  apartment  houses. 

Moderate- class  apartment 

houses. 
'  Pocrest- class    apartment 

houses. 
Average    of    ?11     apartment 

houses  supplied  by  meter. 

Boarding  houses. 
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•3{ 


26.5 

6.6 
6.9 


25 -5 

8.4: 

16.8 

19.9 

23.4 
19. 8 

15.6 


\ 


\ 


Average  of  all  dwellings  sup- 
plied by  meter. 


All     houses    supplied     with 

modern  plumbmg. 
These   families  have  but  one 

faucet  each. 
Thfse  famiiifs  have  but  one 

faucet  each. 


The  most  expensive  houses  in 
the  city. 

Average  class  rf  house*,  gen- 
erally having  bath  and 
water-closet. 


Whole  domestic  consumption. 

Woodland  street,  best  class  of 
houses. 

Cedar  street,  best  clajs  of 
houses. 

Elm  street,  houses  of  moder- 
ate co&t. 

Southbridge  street,  cheaper 
houses. 

Austin  street,  cheaper  houses. 


25.5 


Houccs  renting  from  %iv>  to 
$600,  each  having  bath  and 
two  water-closets, 
o  ^    i '  Middle  class,  average  rental 
^^•^    1 1        $aoo. 


(Note  by  J.  R.  F. — In  cjnsidering  the  average  domestic  use  of  New  York  or  Brooklyn 
with  their  millions  of  inhabitants  on  the  per  capita  basis,  we  must  bear  in  tnind  the  overwhelming 
pre(x>nderance  in  number  of  the  cheaper  houses  in  each  of  which  the  number  of  fixtures  through 
which  water  may  be  drawn  or  wasted  is  comparatively  small  ;  otherwise  the  preponderance  in 
number  of  tests  upon  the  better  grade  of  houses  may  mislecd.) 


so 

Manufacturing  and  Commercial  Use. 

In  Water  Commissioner  Dalton's  Report  for  1898,  our  best  authority 
for  the  estimate  in  Table  No.  2,  of  20  to  30  gallons  per  day  for  the  present 
actual  use  for  commercial  and  manufacturing,  is  the  statement, 
page  9,  that  the  present  35,442  meters  in  Manhattan  and  The  Bronx  "  cover 
every  place  where  water  is  used  to  any  considerable  extent  for  other  than 
domestic  purposes.'' 

An  analysis  of  figures  given  me  in  the  office  of  the 
Water  Register,  presented  in  Table  No.  4,  on  pages  52  and 
53,  show  that  for  several  years  past  the  consumption  of 
metered  water  in  proportion  to  the  total  population  of 
Manhattan  and  The  Bronx  has  averaged 24  gallons  per 

,  inhabitant 

per  day. 

This  metered  quantity  includes  also  a  considerable  quantity  used  by 
hotels,  clubs,  and  a  few  private  houses  and  some  tenements  having  stores 
beneath. 

This  24  gallons  per  inhabitant  covers  the  use  for  New^  York's  shipping,  railroads,  manufac- 
turing, tall  office  buildings,  electric  stations,  and  a  large  part  of  the  transient  population.  I  had 
expected  the  use  for  manufacturing  and  commercial  purposes  would  prove  larger  partly  because 
of  the  large  metered  use  for  this  purpose  in  Boston,  and  in  view  of  the  fact  that  New  York  City  is 
one  of  the  chief  manufacturing  centres  in  this  country,  although  the  individual  factories  are 
small,  that  it  is  surrounded  by  salt  water,  with  no  fresh  water  streams  like  most  of  our  manu- 
facturing centres,  so  that  its  thousands  of  steam  engines  are  mostly  of  a  type  requiring  large  quan- 
tities of  water,  and  in  view  of  the  uncommonly  large  requirements  for  water  in  New  York  for  ship- 
ping and  railroad  purposes.  The  explanation  may  be  that,  dividing  the  actual  quantity  by  the 
enormous  population  of  about  two  millions,  makes  x\i^  per  capita  figure  unexpectedly  small. 

I  have  no  good  reason  for  doubting  the  accuracy  of  the  statement  above  quoted  that  substan- 
tially all  water  for  commercial  purposes  is  now  metered,  and  have  no  occasion  for  doubting  and 
no  means  for  checking  up  the  totals  for  metered  water  in  Table  No.  4,  given  me  in  the  Water 
Register's  office,  and  think  the  domestic  use  metered  should  offset  under  registry,  yet  this  figure 
of  24  gallons  per  capita  for  the  metered  use  for  all  commercial  and  manufacturing  purposes  does 
look  small. 

The  only  apparent  margin  of  uncertainty  is  that  perhaps  under  registry 
of  meters  and  underestimate  for  special  uses  might  bring  the  total  up  to  30, 
while  deductions  for  hotels,  clubs  and  the  few  domestic  meters  might  take  it 
down  to  20  gallons  per  capita  per  day. 
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Table 

Average  Daily  Use  of  Metered  Wattr  Each   Year 


Receipts 
from  dock 


>i  luectfred 

>ka  ct ,  c\clu>tve 

oi  K  wivUle  ani 

xi«amWai 
<iKM\  r^  u»  stated  or  steamboat 
bv  Mr.  Arthur         meters. 

MilKr,  chic  I 

cWiW  of  Bureau 

v»i  Water 

Register. 


_       I. 


]  Charges  for 
'      metered 
water  re- 


lagt. 


9t7.288*) 


1894 


1.919055    \  \ 
Xf 307.73**^  j 

I 
«.»32.479 

1,832,889 
1,659.1x0   \ 


/  1.662,91 7*) 


1895- 


1897. 

1898. 
1899. 


1,706,690    { 

1,89 1.480 
a,oza,it8 

2.070.5 M 


«7?.«4* 

I 

«5.923* 

99.474* 
99,660 

Abt.    (  ■ 

TOO.OOO     \ 

ic5,33i* 
85.?2S 

109,458 


maining  un- 
paid and 
turned  over 
to  Depart- 
ment of 
Arrears  for 
collection, 
as  found  m 
recapitula- 
tions on 
books  ot 
Bureau  of 
Arrears  bj' 
Mr.  Maher. 


$»I4,384* 

1C0.4C5 

389.546 

1 5 '.857 
183,019 

3^3.542 


Total  value  of 
water  metered, 
exclusive  of 
Riverdale  sup- 
ply from  Yon- 
kers,  as  found  by 
adding  preced- 
ing 3  columns. 


S». 1 53.905 


Corresponding 

amount  of 

water  metered 

at  %\  per  z.ooo 

cubic  feet. 

Cubic  feet  per 
year. 

(All  metered 

water  is  !>old  at 

same  price.) 


1.594.534 

1. 4^5.^9* 
3.114.583 

3,033,312 


264.414      '  Abt.  3,071,104  \ 


396,759 

I 

244,533      I 

I 

I 
207.790 


2.293,570 
3.343,4(0 

2,387.762 


i.JS3.905.<»3 

>. 594,534.000 

i.465.69".o-o 
3,114,382.000 

3,033.3x3,000 

Abt 
3,070,0^0,000 

2.293,570.000 
2,342.466.00c 

2,387.762,coo 


Corre- 
sponding 

average 
number  of 

million 

gallons 

per  day  of 

metered 

water 

drawn. 

(Si  per 

year  pays 

for  ao.5 

^n  lions 

per  day.) 


Total  num- 
ber of 
meters  in 
use  Decem- 
ber 31,  per 

printed 

reports  of 

Deoartxnent 

Public 

Works. 


I 


j   33.7   \ 
\   a8.5*) 

i   ^'*^   \ 
\    3o.5*^ 

30.0 

43-3 
(   41.5    ) 
\   36.6M 

}    43.4 

47.0 
48.1 

49.0 


93,C73 

34.364* 

I 

I 

I 

37.041  I 

I 

3o.?86* 
50.32s* 


33.5:1 
34.590 


35.443 


*From  printed  reports  of  Dept.  Public  Works  for  that  year. 

tFrom  printed  report  Dept.  Water  Supply  1898.  ^ 

Note  that  the  arrears  staled  yearly  in    Water  Register's   report  in  Appendix  to  pHntrd  report  of  Dept. 

The  printed  Dept.  Public  Works  reports  for  1.^90-1-4  contains  tabi"  showing  di^iriiution  of  metered  water 

A.-pviTcntlv  these  estimates  do  not  inclutlt-  the  meter  rates  returned  to  Bureau  of  Arrears  lor  collection. 

Meiers  in  18,7  lound  by  35,^;2— 352  —  31,593,  d;ductin^  meters  placed  in  1898  Irom  total  at  end  of  i&9£. 


S3 


No  4. 

in   Territory  Supplied  from  Croion  and  Bronx. 


\  Total  revenue 
;  of  Water  De- 
partment includ- 
ing the  amounts 
uncollected  by 
Register  Depait- 

ment  and  re- 

uimed  to  Bureau 

ol  Arrears  for 

collection  per 

D.  P.  W. 

reports. 


£2,782,051! 
3,980.005! 

3,497,848  r 

3.275,4Xit 
3.928,520! 

3.799.679* 

3.93«  303t 

4,223,18  it 
4.33^»483t 


Per 

Per 

cent,  of 

cent,  of 

toul 

total 

revenue 

water 

derived 

me- 

from 

tered. 

metered 

water. 

19.9 


21.3 

zS.4 
24.7 

23.6 

24.x 

'3-4 
22.7 


4.459.404t         21.7 


Total 

con- 
sump- 
tion per 
day  m 
million 
gallons. 


38.8 

45-6 

44.8 
53.8 

53 -a 

5a. 7 

54-3 
54.1 

53-7 


1x9 


»53 

X63 
»7S 

176 

x8o 

201 
212 

226 
346 


Population  sup- 
plied, from 
estimates  of 

Health  Depart- 
ir.ent. 


Gallons 
supplied 
per  cay 
per  inhab- 
itant. 


x,7zx  000    I 


1.755.000 

x.802,000 
x.818,000 

1,835,000 
x,85x.ooo 

I 

1.934.0^0 
X,  990,000    ■ 

3,040,000 
2.117,000 


69.6 

87.3 

93.5 
96.4 

96.0 

97  3 

X03.8 
X06.5 

zio.o 
X16.0 


G»llonc 

of 

metered 

ivfiter 

p^r  in. 

liabitani 

per  day. 


13.8 

18.6 

16.6 
»3.8 

i<».6 

»4r.l 

SI3.9 


Gallons 
of  un- 
meiered 
water 
per  in- 
habit- 
ant. 


55-8 

68.7 

73-9 
72.6 

73-4 

74-4 

79.4 

82.4 

86.  T 


Total 
revenue 
otWaie 
Depart- 
ment 
per  in- 
habit- 
ant. 


|i-74 


X.99 

X.82 
9.16 

a. 07 

a.z2 

2.18 
2.18 

2.1S 


Approxi- 
mate 
revenue 

from 
domestic 
service  per 
inhabitant, 
found  by 
dividing 
total    rev- 
enue, less 
tkat  from 
metered 
water  by 
popula- 
tion. 


Sx.07 
Z.08 

X.  03 

1.00 
•97 

x.oo 
z.co 

X.03 

z.co 


Public  VVnrks  are  for  year  previous. 

Among  different  classes  of  establishments,  ai$o  different  sizes  of  meters  in  use. 
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Special  Needs  for  Water  in  New  York. 

Considering  further  the  reasonableness  of  the  allowance  made  in  Table 
No.  2  of  20  to  30  gallons  per  capita  for  use  for  commercial  and  manufactur- 
ing purposes,  and  also  considering  the  actual  records  of  Table  No.  4  of 
metered  consumption  in  the  light  of  what  has  been  found  elsewhere: 

In  Boston,  for  example,  according  to  the  very  complete  analysis  made  by  Mr.  Dexter  Brackctt 
in  1894  precedent  to  the  establishment  of  the  Metropolitan  Mt'ater  Board  (see  Kept.  Mass.  State 
Bd.  of  Health,  Met.  Water  Supply,  1895,  p.  167).  The  total  use  of  water  for  commercial  and 
manufacturing  purposes  in  Boston  in  1892  was  about  30  gallons  per  capita  per  day.  I  have  some 
question  if  count  of  population  used  in  figuring  this  per  capita  is  strictly  comparable  with  that  in 
New  York,  because  of  the  probable  larger  proportionate  number  of  population  living  in  the 
suburbs  ot  Boston  and  thus  not  counting  in  the  enumeration  and  whose  omission  raises  the  per 
capita  6gure. 

Briefly  considering  various  causes  afifecting  New  York,  we  find: 

1st.  Of  non-resident  users.  Large  numbers  of  persons  in  Manhattan  by  day  use  water  very  freely 
in  their  ofBces  or  in  their  workshops,  or  require  the  use  of  water  for  the  preparation  of 
their  mid-day  meal,  but  are  not  counted  in  the  population  because  they  spend  the  night 
elsewhere.  Trying  a  little  arithmetic  on  this,  we  find  that  if  there  are  300,000  such 
from  Jersey  and  beyond  the  Harlem  and  across  the  East  river,  and  if  each  average  using 
half  of  his  proper  daily  supply  of  13  gallons  in  Manhattan,  it  would  add  only  i.o  gallon 
per  inhabitant  per  day  to  the  per  capita  use  of  the  resident  2,000,000,  and  this  extra 
gallon  would  be  found  almost  entirely  in  the  portion  now  metered. 

New  York,  as  the  commercial  centre  of  America,  has  a  large  floating  population 
which  constantly  uses  water,  but  largely  escapes  the  census  enumerator.  It  has  been 
estimated,  with  what  accuracy  I  do  not  know,  that  this  class  numbers  upward  of  200,000, 
an  addition  of  10  per  cent,  to  the  enumerated  inhabitants.  Here  again  a  10  per  cent, 
addition  to  the  average  quantity  really  used  for  domestic  purposes  would  be  only  an 
addition  of  1.3  gallons  per  capita  on  the  enumerated  population,  and  mucti  of  this  extra 
use  would  be  found  in  hotels  which  are  metered. 
2d.  Use  for  steam  and  manufacturing.  New  York  is  said  to  be  one  of  the  largest  manufaciuring 
centres  in  America  in  number  of  hands  employed,  but  the  power  required  is  probably 
relatively  small  per  operative.  Unlike  most  other  manufacturing  centres,  all  the  water 
that  surrounds  its  territory  is  salt.  Its  thousands  of  steam  engines,  the  most  of  them  of 
a  small  type,  using  abnormally  large  quantities  of  water  per  horse-power,  have  to  take 
water  for  steam-boiler  supply  from  the  public  water-mains.  The  vast  majority  of  these 
steam  plants  have  no  opportunity  for  water  for  condensation. 

It  appears  probable  that  in  in  New  York  more  than  in  most  other  cities,  there  will 
abound  a  variety  of  smaller  industries  which  use  water  freely,  such  as  priming  offices, 
lithographers,  photographers,  chemists  and  a  thousand  others. 

But  the  Annual  Report  of  the  Department  of  Water  Supply  for  1898,  page  9,  states 
that  the  present  35,442  meters  in  Manhattan  and  The  Bronx  ^^  cover  every  place  where 
water  is  used  in  any  considerable  extent  for  other  than  domestic  purposes ^^"^  and  therefore 
in  following  Table  No.  4,  which  finds  a  per  capita  use  for  all  metered  water  of  24  gal- 
lons per  capita  per  day,  we  include  the  actual  quantity  taken  for  these  special  uses. 
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{^receding  Table,  No.  4,  shows  that  this  use  of  water  for  manufacturing  and  com- 
mercial purposes  averaged  24  gallons  per  inhabitant  per  day,  and  presumably  the  number 
of  hotels  and  apartment  houses  and  clubs  included  in  this  would  more  than  offset  any 
under  registry  of  these  meters,  leaving  24  gallons  as  the  fair  allowance  for  all  manufactur- 
ing and  commercial  use. 

Some  very  interesting  data  on  this  increased  use  by  tall  buildings  were  collected 
with  the  assistance  of  the  Water  Registrar. 

It  was  found,  for  example,  that  the  consumption  by  the  American  Tract  Society 
Building  averaged  about  63,000  gallons  per  day,  whereas  the  old  buildings  formerly  on 
the  same  site  averaged  only  6,600  gallons  per  day,  or  about  one-ninth  part  as  much. 

The  New  York  Life  Building  uses  two  and  one-half  times  as  much  as  the  buildings 
formerly  on  the  same  site. 

The  Empire  Building  and  the  World  Building,  nearly  twenty  times  as  much. 

These  are,  of  course,  extreme  examples  ;  but  all  such  increase  of  use  is  understood 
to  be  covered  by  the  meter  records  of  Table  No.  4. 
3d.  The  use  of  water  by  the  shipping,  and  for  the  railroads,  is  probably  out  of  all  proportion  to 
the  per  capita  use  for  such  purposes  in  other  large  cities.  This  again  is  part  uf  the  24 
gallons  of  metered  water  per  inhabitant,  except  that  towboats  are  understood  to  water 
or  **  Croton"  at  any  convenient  hydrant  on  the  water-front  under  an  annual  payment  of 

$90- 
4th.  Tall  buildiiigs  require  more  water  than  low  buildings  ;  increased  elevator  service  means 

more  power  and  more  water  for  steam.    This  is  also  covered  under  the  24  gallons  of 

metered  water  per  inhabitant  per  day. 

Allowance  for  Consumption  of  Water  in  City  Buildings,  etc. 

The  minimum  figure  of  2  gallons  per  capita  entered  for  this  use  in 
Table  No.  2  presupposes  economy  and  is  the  quantity  that  would  be  drawn 
if  there  were  a  water  meter  on  each  public  building,  each  school-house,  fire- 
engine  house  and  public  urinal,  and  if  comparative  records  kept  and  looked 
after,  and  any  extravagance  or  undue  waste  promptly  checked;  that  is,  the 
minimum  figure  represents  use  proper  while  the  larger  figure  of  4  gallons 
per  capita  represents  such  free  use  as  may  be  expected  under  good,  ordinary 
management  without  any  special  effort  toward  economy. 

That  these  figures  are  reasonable  is  confirmed  by  the  records  ot  the  amounts  of  water  actually 
used  for  these  purposes  in  Boston  in  1892,  as  compiled  by  Dexter  Brackett,  C.  E.  Mr.  Brackett's 
analysis  may  be  found  in  Report  Massachusetts  State  Board  of  Health  on  Metropolitan  Water 
Supply,  1896,  pages  167  and  169.  A  part  of  these  uses  in  Boston  were  not  metered  but  taken  by 
estimation.  Inese  figures  of  Table  No.  2  are  also  confirmed  fairly  well  by  the  investigations  made 
into  the  use  by  public  buildings  in  Fall  River,  in  the  effort  to  account  for  all  water  used,  and 
restrict  waste  ;  also  by  similar  records  in  Worcester,  Mass.  The  great  concentration  of  population 
in  New  York  should  tend  to  keep  this  use  small  as  reckoned  on  the  per  capita  basis. 

Street  Sprinkling. — The  total  use  for  fires  and  for  street  sprinkling  is 
much  smaller  than  most  persons  realize,  and  the  quantity  used  in  the  most 
liberal  flushing  of  streets  heretofore  carried  on  in  New  York  is  also  very 
small  in  proportion  to  the  other  uses.  So  small,  indeed,  that  they  cut  no 
appreciable  figure  in  the  question  of  magnitude  of  supply  needed  for  the 
city  as  a  whole,  and  if  the  entire  volume  needed  for  these  purposes  were  to 
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be  salt  water  taken  from  the  harbor  this  would  not  defer  the  time  or  lessen 
the  magnitude  of  the  new  supply  that  must  be  sought. 

Some  vigorous  experiments  in  street  flushing  in  New  York  at  night  were  undertaken  by  the 
late  Col.  George  E.  Waring,  C.  E.,  Superintendent  Street  Cleaning,  for  about  six  weeks, 
beginning  about  August  I,  i^JgiS,  which  are  of  interest  as  illustrating  the  largest  use  of  water  for 
this  purpose  yet  made  in  New  York.  George  A.  Taber,  C.  E.,  my  assistant  on  much  of  this 
work,  was  a  member  of  Col.  Waring*s  staff  and  Superintendent  of  the  Seventh  District,  and  has 
made  up  as  good  an  estimate  as  now  possible  from  his  own  experience  and  by  conference  with 
nearly  all  of  the  other  district  superintendents,  as  to  the  size  of  nozzle,  number  of  streams  in  use, 
and  number  of  hours'  use  per  night,  from  which  it  appears  that  the  total  use  in  all  ten  districts 
average  about  i,cxx),ooo  gallons  per  day  during  the  month  or  six  weeks  that  the  experiment  lasted. 
The  flushing  gangs  began  about  midnight,  worked  until  5  A.  M.,  and  in  each  district  a  i-incli 
nozzle,  under  iuU  hydrant  pressure,  was  kept  going  about  2^  hours  per  night,  using  at  each  nozzle 
about  25,000  gallons  per  night.  Much  more  of  this  work  was  done  in  the  Second  District  than 
eleswhere,  and  in  the  Second,  Fourth  and  Fifth  Districts  together,  more  than  half  the  entire 
quantity  estimated  for  the  entire  city  was  used,  the  Second  District  being  in  the  quarter  thickly 
populated  by  the  poorer  Hebrews.  I  am  informed  that  such  free  flushing  of  pavements  has  never 
oeen  undertaken  before  or  since,  and  it  will  be  noted  that  this,  in  fair,  warm  weather,  only 
required  about  0.5  gallons  per  capita  per  24  hours. 

The  total  use  of  water  for  street  sprinkling  in  the  year  1898  may  be 
inferred*  from  the  revenue  as  given  on  page  35  of  the  Report  of  the  Depart- 
ment of  Water  Supply  for  1898.  The  total  revenue  from  this  source  in  Man- 
hattan and  The  Bronx  is  given  as  $28,000  for  the  year.  If  this  water  was 
sold  at  the  regular  price  for  metered  water  this  would  represent  28,000,000 
cubic  feet,  or  210,000,000  gallons  for  the  year,  an  average  for  the  year  of 
about  600,000  gallons  per  day,  which,  divided  by  2,150,000  population  gives 
0.28  gallons  per  capita  per  day. 

In  Boston,  Mr.  Brackett's  estimate  was i.o  gallon  'per  capita. 

In  Fall  River,  in  1899,  this  averaged  for  the  year i.o  ** 

In  Worcester,  Mass 1.9  " 

The  great  concentration  of  population,  and  the  much  less  length  of  street  per  1,000  of  popu- 
lation, tends  to  make  the  per  capita  use  for  this  purpose  relatively  small.  The  figures  0.4  to  0.7 
gallons  per  capita  per  day,  adopted  for  this  use,  appear  proper,  in  view  of  the  record  of  0.28 
gallon  per  capita  for  sprinkling  and  0.07  for  flres  during  the  past  year. 

Fires. — The  Fire  Department  records  show  that  last  year  less  than  50 
million  gallons  of  Croton  water  was  used  at  fires  during  the  entire  year. 
This  corresponds  to  a  per  capita  use  of  0.07  gallons  daily.  In  the  two  pre- 
ceding years  it  was  only  two-thirds  of  this  amount. 

In  Boston  Mr.  Brackett  estimated  the  use  for  fires  according  to  the 
best  records  available  at  o.io  gallon  per  capita  per  year. 

Total  Actual  Use  of  Water. 

By  adding  together  the  several  classes  of  use  already  discussed  and  set 
down  in  Table  No.  2,  we  obtain  for  the  probable  actual  use  in  Manhattan 
and  The  Bronx,  as  matters  stand  to-day,  figures  varying  from  34  to  55 
gallons  per  capita  per  day,  according  as  the  smallest  possible  value  or  the 
largest  reasonable  value  is  sought.    No  reasonable  ground  appears  for  think- 
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ing  it  less  than  34  or  greater  than  55,  and  the  best  evidence  is  that  it  is  between 
35  and  40  gallons  per  inhabitant  per  day. 

No  pariicular  attention  appears  to  have  been  paid  in  the  Water  Register's  Department  to 
classifying  records  so  as  to  show  how  the  water  paid  for  has  been  used,  and  no  particular  atten- 
tion given  by  the  Engineers  to  taking  measurements  for  finding  out  how  much  of  the  water 
delivered  was  paid  for,  or  Just  where  it  went,  and  the  records  of  the  department  are  in  this  regard 
much  inferior  to  those  of  Fall  River,  Worcester  and  some  other  cities";  even  the  very  interesting 
and  useful  analysis  and  classification  of  the  meter  receipts  presented  for  some  years  by  Mr. 
Birdsal,  one  of  which  is  printed  in  page  87  of  the  Department  of  Public  Works  Report  for  the 
last  quarter  of  1894,  has  been  discontinued  on  the  transfer  of  this  account  to  another  bureau.  We 
therefore  have  to  rely  largely  on  data  from  other  eitied  and  upon  the  measurements  made  at  the 
Central  Park  reservoirs,  already  referred  to. 

The  Central  Park  experiments,  as  already  stated,  appear  to  demonstrate 
conclusively  that  the  quantity  actually  used  for  all  purposes,  apart  from  all 
waste,  does  not  exceed  40  gallons  per  capita  per  day. 

The  reasonableness  of  this  figure  is  confirmed  by  experience  in  cities 
where  an  earnest  effort  has  been  made  to  reduce  waste  by  the  application 
of  a  meter  to  nearly  every  tap  as  follows : 

Results  of  Meters  in  Saving  Waste, 

Id  Fall  River,  Mass.,  with  a  population  estimated  at  102,281,  mainly  engaged  in 
manufacturing,  but  with  the  water  supply  for  steam  engines,  washing  and 
privies  in  the  large  factories,  mainly  drawn  from  the  river  and  ponds,  the  total 
consumption  measured  for  the  year  1899,  including  domestic  service,  factory 
services  and  public  uses,  and  with  a  pressure  in  the  mains  averaging  80 
pounds,  or  double  that  in  Manhattan,  and   in  a  large  part  of  the  city  120 

pounds  per  square  inch,  averaged  only  (including  all  use  and  waste) 34  gallons  per 

•    •''  inhabitant 

per  day. 
In  Woonsocket,  R.  I.,  with  population  supplied  estimated  at  28,000,  with  sub- 
stantially all  services  metered  from  the  beginning,  population  mainly  engaged 
in  manufacturing,  but  with  factory  supplies  taken  in  part  from  the  river,  the 
total  consumption  measured  at  the  pump,  with  an  average  pressure  of  from  8b 
pounds  per  square  inch,  or  double  the  pressure  exbting  in  Manhattan,  for  the 

year  1899  averaged  (including  all  use  and  waste) 29  gallops,  per 

inhabitant 
per  day. 
In  Syracuse,  N.Y.,  with  population  in   1898  of  124,856,  the  daily  consumption 

measured  at  the  intake  from  Skaneateles  Lake,  and  thus  including  whatever 
leakage  there  may  be  in  20  miles  of  36-inch  cast-iron  pipe  between  the  lake 
and  the  city,  and  including  also  whatever  leakage  there  may  be  from  distri. 
bution  reservoir  pipe  system,  it  appears  by  the  official  report  for  1898  that  the 
total  use  and  waste,  with  only  44  per  cent,  of  the  service  pipes  metered,  aver- 
aged (including  all  use  and  waste) 64  gallons  per 

inhabitant 


The  case  of  Syracuse  is  of  particular  interest  in  connection  with  any  proposition 
to  ultimately  increase  the  pressure  in  New  York,  because  of  the  pressure  in 
Syracuse  having  been  mcreased  about  50  pounds,  or  from  45  to  95  without 
any  radical  change  in  house  plumbing  or  general  relaying  of  the  old  street j 
mains. 


per  day. 
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In  Provldeoce,  R.  I.,  with  a  population  estimated  at  170,000  in  1898,  with  80  per 
cent,  of  all  the  service  pipes  metered,  and  with  a  very  large  use  for  manu- 
facturing and  for  steam  engines,  and  with  an  uncommonly  large  number  of 
hydraulic  elevators  connected  directly  to  the  city  water  pipes  for  motive  power 
(a  use  very  rare  m  New  York),  the  total  consumption  tor  all  purposes,  and 
with  a  large  proportion  of  high  grade  residences,  averaging  in  1898  (including 

all  use  and  waste) 54  gallons  per 

inhabitant 
per  day. 
In  Worcester,  Mass.,  with  a  population  estimated  at  110,000  in  1899,  with  94  per 

cent,  of  all  taps  metered,  the  total  consumption  shown  by  a  Venturi  meter 

on  the  supply  pipe  and  use,  averaged  in  1899  (including  all  u%  and  waste). .  .67.6  gallons  per 

inhabitant 
per  day. 
Of  this  the  service  meters  showed  — 

Use  for  manufacturing 17  gallons. 

Domestic  use 14 

Public  buildings,  etc , ^ 2 

Street  sprinkling  (free  water) 2 


44 

<c 


Total  use  accounted  for 35  gallons. 

Pipe  leakage,  puddling,  flushing  and  unaccounted  for 32 


k» 


(It  is  proposed  to  investigate  and  reduce  this  last  item  during  the  coming  season.) 

In  Newton,  Mass.,  with  a  scattered  suburban  population  estimated  at  30,000, 

many  houses  having  large  lawns  and  gardens  and  private  stables,  and  with 

many  houses  of  the  class  commonly  found  using  water  very  freely,  but  with 

little  manufacturing,  with  80  per  cent,  of  all  the  service  pipes  metered,  the 

consumption  in  1898  averaged  (including*  all  use  and  waste) 59  gallons  per 

inhabitant 
per  day. 

This  is  probably  fairly  typical  of  what  may  be  later  expected  in  the  best  suburban  districts  of 

Brooklyn,  The  Bronx  and  Richmond. 

Incurable  Waste, 

For  this  item  of  Table  No.  2  we  have  to  rely  largely  upon  judgment, 
based  in  part  on  such  information  as  can  be  gained  from  experience  else- 
whei*e. 

The  incurable  waste  arises  from  three  principal  causes: 
First — The  hundreds  of  thousands  of  microscopic  leaks  at  the  main 
pipe  joints,  each  of  which  individually  is  too  small  to  attract  notice  or  to 
warrant  the  expense  of  a  remedy,  but  which  in  the  aggregate  amount  to  a 
very  noteworthy  quantity.  Manhattan  and  The  Bronx  have  about  833  miles 
of  main  pipe,  all  of  cast-iron,  in  pieces  none  more  than  12  feet  long,  and  with 
many  added  joints  at  special  fittings;  there  are  thus  about  half  a  million  of 
these  leaded  joints*  in  Manhattan  and  their  aggregate  length  is  about  250 
miles. 

Each  joint  is  made  bv  inserting  the  "spipot  end  "  of  one  pipe  into  the  "bell  end  "  of  the  next 
and  pouring  melted  lead  int )  the  nnrrow  space  between  them,  which  lead  when  cooled  is  com* 
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pres<ed  or  **  staked  "  by  a  heavy  hammer  and  a  calking  tool  so  as  to  tightly  fill  the  space  and  make  a 
tight  joint.  Any  one  who  has  watched  a  pipe-calker  work  on  the  under  side  of  a  large  pipe  in  a 
deep  trench  in  a  narrow,  poorly-lighted,  strained,  uncomfortable  position  will  appreciate  that  per- 
fection is  difficult  to  obtain  even  by  skilled  and  faithful  workers. 

Id  the  extremely  large  amount  of  heavy  pipe  recently  laid  in  on  the  Massachusetts  Metro- 
politan Works,  all  sections  were  tested  by  water  pressure  with  ends  closed  before  refilling  the 
earth  into  the  trench,  and  the  amount  of  water  that  had  to  be  pumped  in  to  maintain  a  constant 
pressure  was  surprisingly  large  in  view  of  the  great  care  in  inspecting  the  pipe  and  the  precautions 
lor  securing  tight  joints.  I  have  had  frequent  occasion  to  discover  the  extent  of  this  underground 
leakage  in  tests  of  fire-pipe  systems,  from  which  no  water  was  drawn  except  what  disappeared 
through  invisible  leaks. 

While  many  of  the  most  microscopic  leaks  found  in  testing  a  long  line  of  newly  laid  pipe  will 
doubtless  become  clogged  by  silt,  algaie  or  rust,  others  are  sure  to  open  under  the  strains  due  to 
settlement  of  earth.  Changes  of  temperature  between  summer  and  winter  and  by  the  opening  up 
of  blow-holes  or  spots,  spongy  metal  hidden  at  first  by  scale  or  tar  coating,  or  by  incipient 
fractures  or  cracks  which  open  a  little  but  do  not  'Met  go."  The  larger  leaks  may  saturate  the 
ground  so  as  to  show  on  the  surface,  but  there  is  no  way  of  finding  the  thousands  of  smaller 
leaks  which  soak  down  into  the  earth. 

Second — The  service  pipes  between  the  cast-iron  main  and  the  main 
stop-cock  inside  the  cellar  are  often  a  source  of  leakage.  In  New  York  City 
two-thirds  of  the  pipes  themselves  are  said  to  be  of  lead,  which  tends  toward 
average  tightness,  but  the  "  corporation  cock  "  by  which  the  service  pipe  is 
attached  to  the  cast-iron  main  used  in  New  York  is  of  a  type  used  almost 
nowhere  else,  which  it  would  appear  might  be  subject  to  dislocation  or 
leakage.  It  is  not  screwed  into  the  main,  but  consists  merely  of  a  hollow 
tapered  brass  plug,  driven  into  a  smooth  hole  drilled  into  the  main  and 
which  may  become  loosened  by  a  strain  on  the  pipe. 

Third — ^Abandoned  service  pipes  are  often  a  particularly  fruitful  source 
of  leakage.  I  am  told  that  there  are  perhaps  20,000  of  these  in  the 
Borough  of  Manhattan,  and  that  the  great  majority  have  not  been  cut 
off  and  plugged  at  the  main,  and  that  many  of  the  abandoned  lead  pipes 
have  been  abandoned  after  merely  doubling  the  end  of  the  pipe  near  the 
cellar  wall  back  on  itself  and  hammering  it  together  at  the  bend  then  leav- 
ing it  and  burying  the  end  in  the  earth. 

Old  wrought-iron  service  pipes  are -^particularly  susceptible  to  rust  and 
when  uncovered  are  sometimes  found  leaking  at  the  joints.  These  leaks  are 
so  small  that  individually  there  is  no  hope  of  discovering  them  or  of  stopping 
them  without  relaying. 

Just  how  much  of  the  incurable  leakage  comes  from  the  joints  in  the 
cast-iron  mains  and  how  much  from  joints  at  the  corporation  cock  and  leaks 
along  the  service  pipe  we  have  no  means  of  knowing,  but  from  the  measure- 
ments and  records  of  certain  metered  cities  we  have  good  data  for  proving 
that  the  total  of  this  need  not  exceed  5  or  10  gallons  per  capita  per  day  under 
ordinary  conditions. 
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Data  on  Incurable  Leakage  Outside  the  Cellar  Wall. 

Fall  River,  R.  I.,  with  substantially  every  tap  metered,  pressure  averaging  9o  to  f  20  pounds 
per  square  inch  in  the  principal  districts,  with  85  miles  of  main  pipe  and  about  100,000  popula- 
tion, thus  presenting  a  concentration  of  population  of  1,170  inhabitants  per  mile  of  pipe,  and  with 
about  I.I  lineal  fe^t  of  leaded  pipe  joint  per  inhabitant.  With  the  best  that  the  very  efficient 
Superintendent,  Mr.  Kieran,  has  been  able  to  accomplish  in  reducing  wa^te,  the  water  pumped 
into  the  pipes  exceeds  the  volume  of  water  measured  out  from  the  pipes  through  the  meters  and 
other  known  deliveries  by  8.5  gallons  per  inhabitant  per  day. 

During  the  tests  of  night  consumption  kindly  made  for  me  by 

Mr.  Kieran  in  April,  1900,  the  smallest  night  flow  found 

averaging  at  the  rate  of  about 13  gallons  per  inhabitant  per  day. 

Of  this  certain  drinking-fountains  and  watering-troughs  and 

public  urinals  were  found  to  be  taking  about 3  '^  ** 

Leaving  for  smallest  rate  of  night  use,  plus  )      .^      n  •  u  u*.^  «.        ^^ 

leakage,  about ! f     '^  S»l«ons  P«r  mhabiiant  per  day. 

— the  useful  pait  of  which  was,  of  course,  caught  by  the  meters ;  also  the  leakage  of  house 
plumbing.  Therefore,  probably  the  main-pipe  and  service-pipe  leakage  combined  could  not  have 
exceeded  8  gallons  per  inhabitant  per  day. 

Woonsocket,  R.  I.,  has  substantially  every  tap  metered,  pressure  averages  about  80  pounds 
per  square  inch  ;  has  45  miles  of  main-pipe  and  about  28,000  population  supplied,  thus  presenting 
a  concentration  of  population  of  620  inhabitants  per  mile  of  pipe  ;  works  16  vears  old  ;  works  are 
managed  with  remarkable  efficiency  in  the  prevention  of  waste  by  Byron  W.Cook,  C.  E.,  Super- 
ntendent.  The  total  discrepancy  between  the  water  pumped  into  the  stand-pipe  (with  2  per 
ent.  allowed  for  slip)  and  the  water  metered  out  of  the  distribution  pipes,  after  allowing  for  a  few 
n metered  uses,  but  with  no  allowance  for  under  registry : 

Average  in  1898,  disappearance  from  mains 8.5  gallons  per  inhabitant. 

'*  1899,  *'  "  7.8 


During  the  test  of  night  consumption  very  kindly  made  at  my  request  in  May,  1900,  the  aver- 
age night  draft  at  the  minimum  hour  was  at  the  rate  9  gallons  per  inhabitant  per  24  hours. 
This  night  was  very  accurately  measured  by  the  drawing  down  of  the  stand-pipe  levels,  the  pump 
being  stopped  at  6  p.  m.  Some  small  part  of  this  night  consumption  was  no  doubt  used,  and  leak- 
age from  plumbing,  that  would  be  caught  by  the  meters,  so  that  the  pipe  leakage  could  have 
hardly  exceeded  6  gallons  per  inhabitant  per  day. 

Boston,  Mass.  After  the  very  rigorous  inspection  for  detecting  waste  made  in  certain  districts 
in  1884,  by  the  aid  of  the  Deacon  meter,  and  after  thorough  repair  of  ail  leaks  found,  there  still 
remained  a  considerable  amount  of  incurable  leakage.  For  example,  in  Fig.  7,  transcribed  from 
the  Deacon  meter  records  from  two  of  the  Charlestown  districts,  it  will  be  noted  that  the  night 
use  was  not  brought  below  a  rate  10  gallons  per  inhabitant  per  24  hours. 

In  Providence  the  minimum  night  consumption,  at  the  rate  of  20  gallons  per  capita,  shown 
by  the  line  on  Fig.  5,  included  the  actual  night  use,  and  is  also  understood  to  include  the 
possible  leakage  from  two  large  distributing  reservoirs  with  earth  banks  and  beds. 

In  Milton,  Mass.,  in  a  small  scattered  suburban  community,  with  only  about  300  inhabitants 
per  mile  of  pipe,  with  all  the  water  metered  into  the  main  pipe,  and  with  a  meter  on  every 
service-pipe  leading  out,  it  is  reported  that  a  few  years  after  the  works  were  built  a  comparison 
of  the  water  measured  in  with  the  water  measured  out  showed  about  27  gallons  per  capita 
unaccounted  for.  After  a  careful  inspection  and  remedy  of  leaks  in  main-pipes  and  service-pipes 
this  quantity  unaccounted  for  was  reduced  to  about  3  gallons  per  capita  per  day,  a  remarkably 
small  amount  conndering  the  small  population  per  mile. 

Since  writing  the  above  Mr.  Ellerton  P.  Whitney,  President,  Milton  Water  Company,  informs 
me  that  the  superintendent,  by  a  frequent  midnight  inspection  of  the  supply  meter,  and  cutting 
out  of  one  section  or  another  of  the  pipe  system  to  locate  leaks,  has  so  cured  this  leakage  that  it 
is  frequently  found  so  small  that  the  large  meters  cannot  register  it,  and  apparently  tne  entire 
waste  from  the  pipe  system  is  now  less  than  five  per  cent,  of  the  consumption  or  probably  less 
than  two  gallons  per  capita  per  day. 

A  more  appropriate  basis  than  the  per  capita  basis  for  comparison  of 
this  kind  of  leakage  is  to  make  the  comparison  on  the  basis  of  gallons  per 


Additional  Data  on  Tightness  of  Main  Pipes. 

Test  of  Providence  Special  High-Pressure  Fire  Pipe  System, 

Reliable  data  on  main  pipe  leakage  free  from  complication  with  service  pipes  or  other  con- 
nections is  difficult  to  obtain,  particularly  for  pipe  long  enough  in  use  to  have  the  microscopic 
cracks  rusted  and  silted  up.  The  very  best  piece  of  data  that  I  have  been  able  to  obtain  showing 
what  is  possible  in  tightness,  has  come  to  hand  June  lo,  1900,  after  the  last  proof-sheet  was 
returned,  and  is  as  follows  : 

The  City  of  Providence  has  a  special  fire  protection  pipe,  now  about  three  years  old,  5.57 
miles  long,  mainly  16  inches  diametei:,  under  an  average  pressure  of  114  pounds  per  square  inch 
in  ihe  business  section.  This  pipe  has  no  connections  of  any  description  except  fire  hydrants  and 
a  waste  pipe.  A  test  of  the  tightness  of  this  pipe  was  very  kindly  made  for  me  by  Mr.  Otis 
Clapp,  City  Engineer  of  Providence,  June  10,  19CO,  by  tapping  a  small  water  meter  in  on  a 
by-pass  around  the  main  gate.  There  is  good  reason  to  believe  the  mnin  gate  substantially 
tight,  while  there  is  possibly  some  leak  from  the  4-inch  gate  between  high  and  low  pressure  ; 
probably  more  than  enough  to  offset  any  leak  at  main  gate. 

The  test  shows  a  leakage  for  the  entire  5,57  miles  at  rate  of 2,487  gallons  per  24  hours, 

which  is 446  gallons  per  mile  per 

24  hours, 

equivalent  to 0.22  gallons  per  foot    of 

leaded  joint  per  24 
hours  ; 

and  with  equally  tight  street  mains  in  New  York,  the  loss  would  be 

from  street  mains  only o.  13  gallons  per  inhabit- 
ant per  24  hours. 

This,  with  the  Milton  tests  (see  page  287),  indicates  that  my  suggested  ideal  of  5  to  10  gal- 
lons per  capita  for  main-pipe  leakage  in  New  York  permits  more  leakage  than  necessary. 

(See  also  page  287.) 
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day  lost  per  mile  of  main  pipe,  and  a  more  accurate  basis  still  would  be  the 
number  of  lineal  feet  of  leaded  joint  plus  some  factor  dependent  upon  the 
number  of  service  pipes.  Because  all  our  discussion  of  Table  No.  2  is  on 
the  per  capita  basis,  we  will  retain  that,  but  will  take  note  of  the  different 
density  of  population  in  the  several  communities  compared. 


Manhattan  and  Bronx. 
Brooklyn  (Ridge wood) 

FaURirer 

Worcester 


Average 

Working 
Pres- 
sure. 

Lbs.  per 
Sq.  ID. 


Aporox. 
Miles 

of 
Main 
Pipe. 


35 
45 
80 


833 

540 

86 

i6k 


Approx. 
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Supplied. 


I 


2,c8o,ooo 

1,114,000 

99,000 


Approx. 
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Mile 

of  Main 

Pipe. 
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Approx. 
Length 

of 

Leaded 

Jt)tnt, 
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0.6 
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of  Service 

Pipes. 
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Service 
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17 
zo 
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Additional  Data  on  Tightness  of  Main  Pipes. 

Test  of  Providence  Special  High-Pressure  Fire  Pipe  System. 

Reliable  data  on  main  pipe  leakage  free  from  complication  with  service  pipes  or  other  con- 
nections is  difficult  to  obtain,  particularly  for  pipe  long  enough  in  use  to  have  the  microscopic 
cracks  rusted  and  silted  up.  The  very  best  piece  of  data  that  I  have  been  able  to  obtain  showing 
what  is  possible  in  tightness,  has  come  to  hand  June  lo,  1900,  after  the  last  proof-sheet  was 
returned,  and  is  as  follows  : 

The  City  of  Providence  has  a  special  fire  protection  pipe,  now  about  three  years  old,  5.57 
miles  long,  mainly  16  inches  diametec,  under  an  average  pressure  of  114  pounds  per  square  inch 
in  the  business  section.  This  pipe  has  no  connections  of  any  description  except  fire  hydrants  and 
a  waste  pipe.  A  test  of  the  tightness  of  this  pipe  was  very  kindly  made  for  me  by  Mr.  Otis 
Clapp,  City  Engineer  of  Providence,  June  10,  19CO,  by  tapping  a  small  water  meter  in  on  a 
K»-r>acc  ar^ifw^  »K«   »,«;»  ^«»^      "Th^r^^   ic  rrr^A  xcasou   to   beUevc  the  mnin  p-ate  substantiallv 


Additional  data  received  Jane  11, 1900.  Attach  to  page  60  (a),  Report  K.  Y.  W.  S- 

Tightness  of  Certain  New  Lines  of   Large  Water  Pipe. 

(From  data  furnished  by  Dexter  Brackett,  C.  £.) 

In  the  following  table  are  given  results  of  tests  upon  pipe  lines  recently  laid  by  the  Metropolitan  Water  Board 
under  contract,  according  to  carefully  drawn  specifications,  under  the  supervision  of  F.  P.  Steams,  Chief  Engineer, 
and  Dexter  Brackett,  Engineer  of  Distribution  Department. 

These  tests  were  made  soon  after  the  pipes  were  laid  and  before  they  were  placed  in  service.  In  a  number  of 
cases  leaks  were  discovered  and  repaired  after  the  tests,  so  that  the  leakage  at  the  present  time  is  probably  smaller 
than  the  figures  given  below. 

These  pipes  were  tested  under  pressures  of  from  50  to  150  pounds  per  square  inch,  which  were  considerably  in 
excess  of  the  pressures  maintained  in  regular  service. 


Inside 

diameter 

of 

pipe 

in 

inches. 

Approximate 
length 

leaded  joint 

per 

linear  foot 

of 

pipe  line  feet 

(as  computed 

by  J.  R.  F.) 

Sum 

of 

lengths 

tested. 

Average 

leakagie 

found 

per 

linear 

foot 

of  pipe 

in  gallons 

per  24  hours. 

Average 
leakage 

per 
Unear 

foot 

of 

in  gallons 
24  nours. 

Product 

of 

leak 
per  foot 

of 
lead-joint 

total  length 

of 

such 

joints. 

Feet. 

Miles. 

48 
42 
36 

30 
24 
20 

16 

1.17 
1.03 
0.91 

0.74 
0.61 
0.51 

0.41 

116,563 
11,744 
25,663 

7,287 
20,553 
40,231 

49,903 

22.0 
2.2 
4.9 

1.4 
3.9 
7.6 

9.4 

3.7 

2.9 

0.6 
2.1 
3.6 

1.9 

3.16 
2.43 
3.19 

0.81 
3.44 
7.00 

4.68 

426,000 
29,200 
74,500 

4,360 

43,100 

143,500 

95,000 

Total,    271,944 


^     815,660 


Average  leakage  per  lineal  foot  of  lead-joint  per  24  hours,      3.0  gallons. 


It  will  be  noted  that  the  leakage  found  in  the  above  tests  was  not  always  in  proportion  to  the  diameter  of  the 


pipe. 


At  the  above  average  rate,  the  main-pipe  leakage  in  Manhattan  would  be  only  about 
2  gallons  per  capita  per  24  hours. 
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day  lost  per  mile  of  main  pipe,  and  a  more  accurate  basis  still  would  be  the 
number  of  lineal  feet  of  leaded  joint  plus  some  factor  dependent  upon  the 
number  of  service  pipes.  Because  all  our  discussion  of  Table  No.  2  is  on 
the  per  capita  basis,  we  will  retain  that,  but  will  take  note  of  the  different 
density  of  population  in  the  several  communities  compared. 
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From  the  figures  of  the  above  table  it  is  plain  since  the  pipe  leakage  may  fairly  be  assumed 
proportional  to  tne  lenc^th  of  pipe  to  the  number  of  service  pipes  and  to  the  pressure  that,  judged 
by  each  and  all  of  these  standards,  the  pipe  leakage  reckoned  on  the  per  capita  basis  should,  with 
equal  skill  and  thoroughness  of  workmanship  and  material,  be  only  Irom  one-fourth  to  one-half 
as  g^reat  as  in  the  cities  for  which  we  have  data  for  comparison. 

And  since  it  is  proved  feasible  to  bring  the  total  water  unaccounted  for, 
which  includes  the  pipe  leakage  down  to  about  8  gallons  per  capita  per  day 
in  the  places  named,  it  should  with  equal  workmanship,  quality  of  material 
and  skill  in  management  be  possible  to  reduce  this  incurable  leakage  in 
Manhattan  and  The  Bronx  to  a  total  of  3  to  4  gallons  per  day. 

As  against  this  we  must  take  notice  of  the  more  crowded  condition  of 
the  streets  in  the  business  part  of  the  city,  their  more  frequent  disturbance 
by  excavation  for  all  sorts  of  enterprises,  and,  perhaps,  most  important  of 
all,  when  considering  the  long  future,  the  danger  of  electrolysis  with  the 
ever  increasing  use  of  electric  currents.  There  is  also  the  possibility  that 
because  of  the  congestion  of  traffic  repairs  will  be  less  promptly  made,  but 
taking  all  these  matters  into  account  the  totals  adopted  in  Table  No.  2 
appear  to  be  as  large  as  there  is  any  real  excuse  for. 

This  is  lost  to  the  city  and  is  therefore  treated  as  waste, 


Under  Registry  of  Meters. 

The  extent  of  under  registry  of  meters  is  largely  a  question  of  local  custom  ;  some  Superin- 
tendents prefer  that  new  meters  should  average  under-registering  2  per  cent.,  so  that  all  margin 
of  doubt  shall  be  in  favor  of  the  customer.  With  meters  owned  by  the  consumer,  and  not  systemati- 
cally taken  in  for  test  and  repair  except  at  the  consumer^  request,  or  in  case  of  a  violent  change 
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of  record  (as  is  now  understood  to  be  the  practice  in  New  York),  the  average  of  under-registry 
will  be  different  from  that  in  cities  where  meters  are  owned  bv  the  city  and  called  in  for  test  after 
passing  some  definite  quantity,  say  ioo,ooo  cubic  feet  for  a  ^  meter,  or  after  3  to  5  years  of  use. 
A  meter  kept  out  too  long  may  become  sluggish  in  catching  the  minute  deliveries  caused  by  leaks 
in  plumbing  or  in  the  last  pint  delivered  as  the  bail-cock  slowly  closes. 

From  an  examination  of  a  few  typical  records  in  the  meter  testing  departments  of  several 
cities,  and  from  conference  with  the  experienced  men  in  charge  of  the  testing,  it  appears  entirely 
practicable  to  maintain  the  under-registry  of  meters  of  the  best  modern  types  after  they  become  5 
to  10  years  old,  inside  of  2  to  5  per  cent.,  and  that  taking  the  average  of  old  and  new  and  for  all 
uses,  2  per  cent,  should  be  a  fair  average  if  the  meters  are  systematically  looked  after. 

With  meters  as  they  exist  to-day  in  Manhattan,  considering  the  various  makes  as  set  forth  in 
a  table  in  the  Report  of  Department  of  Water  Supply  for  1894,  page  88,  I  would  not  be  surprised 
to  learn  that  the  under-registry  as  a  whole  was  10  percent.  In  this  I  am  guided  by  the  experience 
of  Dexter  Brackett,  C.  £.,  with  similar  types  of  meters  in  Bostoti  some  years  ago. 

Subdivision  of  tite  Needless  Waste. 

We  are,  as  I  believe,  certain  that  the  needless  waste  is  cofrectly  given  in 
Table  No.  2,  at  from  50  to  75  gallons  per  capita  per  day,  in  Manhattan  and 
The  Bronx. 

This  is  demonstrated  by  the  Central  Park  experiments  and  confirmed 
by  the  data  given  above  from  the  experience  of  other  cities,  but  when  it 
comes  to  subdividing  this  waste  and  saying  how  much  comes  from  the 
plumbing  and  how  much  comes  from  old  pipes  outside  the  cellar  wall,  we 
have  very  little  clear-cut  evidence  to  guide  us,  and  none  whatever  from  New 
York  itself.    The  subdivision  of  the  50  to  75  gallons  into 

Leaks  in  mains 10  to  15  gal.  per  cap.  daily. 

"       "  Service  pipes 10  to  15    "      *'      " 

"       "  Defective  plumbing 15  to  25    "      "      " 

Careless  and  willful 14  to  17    "      "      " 


— ^was  made  in  view  of  what  has  been  said  about  service  pipes  of  lead  and 
iron — services  abandoned  without  plugging  off — old  mains  cast  on  the  side — 
and  some  study  of  records  of  waste  reduction  in  other  cities,  but  may  as  well 
be  presented  as  a  "  guess  tempered  with  judgment,"  as  to  pflFer  reasons  in 
detail. 

The  figures  for  summer  and  winter  waste  given  in  Table  No.  2  are 
deduced  from  noting  that  for  several  years  past  the  line  of  mean  consump- 
tion for  each  month  given  in  Figure  i  averages 

About  8  million  gallons  above  the  mean  for  2  months  each  winter. 
5  2  summer. 

These  extra  quantities,  if  spread  .over  the  12  months,  would  average 
about  4.3' niilMoA  gallons  per  day  or  2.15  gallons  per  capita  per  day  that 
may  be  fairly  attributed  ..to  the  waste' from  ■  Wving  ^fiaucets  open  on  cold 
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nights  in  winter  to  prevent  freezing,  or  from  letting  the  water  waste  from 
the  faucet  in  hot  weather  in  the  effort  to  get  the  water  cool. 

The  effect  of  this  last  is  obscured  on  the  diagram  by  the  closing  during  the  hot  months  of 
very  many  of  ihe  houses  of  the  class  in  which  most  water  is  used,  and  on  the  other  hand,  by 
the  legitimate  increase  of  use  that  comes  with  hot  weather.  The  chief  purpose  of  entering 
this  waste  as  a  separate  line  in  Table  No.  2  is  to  show  that  it  does  not  form  a  large  part  of  the 
total  waste  for  the  year. 

Service  Pipes, 

Bearing  upon  the  question  of  leaky  service  pipes,  and  of  the  material 
as  affecting  the  durability,  in  response  to  my  request  for  an  approximate 
estimate,  Mr.  Birdsall  says  that  of  all  'service  pipes  (large  and  small)  in — 

Manhattan,  about  one-third  are  wrought  iron.    Remainder  of  lead. 
Bronx,  about  one-third  are  wrought  iron.    Remainder  of  lead. 
Brooklyn,  about  one-tenth  are  wrought  iron.    Remainder  of  lead. 
Long  Island  City  and  adjacent  towns,  about  one-half  are  wrought 
iron. 

In  Manhattan  and  Bronx  all  of  the  large  service  pipes  are  wrought  iron, 
and  of  the  small  pipes  about  half  are  lead  and  half  are  iron.  About  fifteen 
years  ago  the  Board  of  Health  allowed  the  use  of  wrought  iron  plumbing 
throughout,  and  so  in  the  upper  portions  of  Manhattan  and  The  Bronx 
many  wrought  iron  service  pipes  were  put  in,  especially  in  cheaply  built 
houses. 

Absence  of  the  trolley  car  from  the  streets  of  Manhattan  has  probably 
deferred  the  great  corrosion  of  pipes  caused  by  electrolysis,  but  I  am 
informed  that  in  the  northern  districts  where  electric  cars  have  been  in  use, 
the  effect  of  electrolysis  in  corrosion  of  pipes  has  appeared,  the  corrosion 
and  leakage  starting  at  the  junction  of  the  dissimilar  metals  at  the  corpora- 
tion cock,  where  leakage  is  difficult  of  detection  and  repair.  The  prevalence 
and  constant  increase  from  year  to  year,  of  return  currents  of  electricity  in 
the  streets  underground  and  following  along  the  pipes,  with  corrosion  by 
electrolysis  at  the  hidden  point  where  the  current  leaves  the  pipe,  is  the 
cause  of  leakage  to  be  most  feared  in  the  future,  and  may  warn  us  not  to  be 
too  hopeful  about  stopping  all  of  the  underground  leakage. 

Expert  investigation  of  this  matter  of  electrolysis  in  its  relation  to  the 
New  York  and  Brooklyn  pipes  should  be  undertaken  and  steadily  main- 
tained. 
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Past  Causes  Tending  to  Decrease  Consumption, 

Finally,  it  must  be  remembered  that  in  New  York  for  years  the  free 
use  of  water  has  been  repressed  by  low  pressure  in  the  mains,  that  in  former 
years  there  was  nearly  always  somewhere  a  scanty  pipe  system,  insufficient 
pumps,  insufficient  aqueducts,  scant  storage  reservoirs  or  gates  "  gaggled 
off  "  or  severely  throttled  so  that  water  could  not  rise  to  the  upper  stories 
of  the  buildings,  and  that  nowhere  in  America  is  so  large  a  proportion  of  the 
house-owners  compelled  to  provide  house  pumps  for  lifting  water  to  their 
upper  rooms,  and  that  through  large  s'ections  of  the  city  the  $300  "  House- 
pump,"  entailing  an  expense  for  maintenance  which  doubles  the  water  rates, 
has  stood  guard  in  hastening  the  repair  of  defective  plumbing  in  the  same 
way  that  the  $10  water  meter  hastens  repairs  in  certain  cities  where  a  small 
per  capita  consumption  exists  with  a  high  pressure  supply. 

The  question  of  need  of  a  new  supply  does  not  hang  upon  the  subdivisions 
of  the  preceding  table  (No.  2),  and  if  the  above  subdivisions  of  use  and  waste 
are  not  just  right,  the  following  main  features  regarding  the  consumption 
remain  undisputable : 

The  present  consumption  is  116  gallons  per  inhabitant  per  day. 

The  population  is  rapidly  increasing. 

The  number  of  gallons  per  inhabitant  per  day  used  and  wasted  is  increasing 
steadily. 

For  four  years  past  the  average  draft  for  the  year  has  increased  steadily 
15  million  gallons  per  day. 

With  this  rate  of  increase,  until  additional  sources  are  completed,  Man- 
hattan will  be  close  to,  or  slightly  in  excess  of  the  safe  capacity  of  its  sources, 
notwithstanding  the  completion  of  the  New  Croton  Dam,  in  1902. 

The  proportion  of  waste  is  now  smaller  in  New  York  than  in  any  other 
American  city  of  half  a  million  or  more  inJiabitants  (excepting  St.  Louis),  and, 
although  this  great  proportion  of  waste  is  everywhere  recognized,  and  the 
fact  well  known,  that  the  engineering  requirements  for  checking  this  waste 
are  simple  and  cheap,  the  waste  continues  in  all  these  larger  cities. 
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Present  Consumption  and  Waste  of  Water. 

In    the    year    1899    the    consumption    throughout    the 

Boroughs  of  Manhattan  and  The  Bronx  averaged. .     116  gallons  per 

inhabitant 
per  day. 
Out  of  this  116  gallons,  the  needless  waste  averaged  at 

least  50,  or  more,  probably 65  gallons  per 

inhabitant 
per  day. 

Out  of  the  116  gallons,  the  incurable  or  necessary  waste 

probably  did  not  exceed 10  gallons  per 

inhabitant 
per  day. 

With  a  meter  on  every  tap,  domestic,  public  and  commer- 
cial, and  with  street  mains,  ser\nce  pipes  and  hydrants 
thoroughly  overhauled  and  put  into  as  good  con- 
dition as  the  average  pipe  in  the  streets  of  Provi- 
dence or  Fall  River  (all  this  might  take  20  years' 
time),  and  with  meters  frequently  tested,  to  detect 
under-registry,  and  with  a  careful  investigation  of 
leaky  plumbing  and  prompt  repairs,  probably  New 
York  would  be  better  served  than  now  and  have 
greater  pressure  in  its  pipes  with  a  supply  of 65  gallons  per 

;  inhabitant 

per  day. 

— ^than  it  now  has  with  116  gallons  per  inhabitant  per  day. 

The  hydraulic  and  engineering  features  of  preventing  the  above  65  or 
50  gallons  of  waste  are  not  doubtful  or  unduly  expensive,  but  would  prob- 
ably require  20  years'  broadly  planned,  thorough  work,  backed  up  by  strong 
public  support,  for  their  full  application. 

The  real  difficulties  about  saving  the  water  wasted j  rest  in  human  nature 
and  are  questions  of  getting  the  voters  to  understand  the  truth  of  the  matter ^ 
questions  of  public  sentiment,  politics  and  good  government.  From  studies  in 
the  result  of  efforts  at  waste  prevention  in  other  large  cities  and  from  inquiry 
made  among  well-informed  men  as  to  the  present  sentiments  of  the  New 
York  public  regarding  domestic  meters,  I  am  led  to  believe  that  for  the 
immediate  future  these  difficulties  are  insurmountable,  and  that  the  hope  of  a 
cure  for  any  large  part  of  the  waste  very  remote.  With  all  of  its  present 
waste,  the  domestic  supply  of  water  costs  the  average  citizen  (man,  woman 
and  child),  of  Manhattan  and  The  Bronx,  only  $1  per  capita  per  year. 
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Water  is  so  cheap  that  the  average  American  citizen  unfortunately 
seems  better  content  to  buy  more  than  to  save  or  conserve  what  he  now  has. 

The  consumption  of  water  (including  zvaste)  per  inhabitant  is  not  greater 
in  New  York  than  in  the  other  large  American  cities.  It  is,  in  fact,  to-day 
smaller  in  New  York  and  Brooklyn  than  in  most  other  large  American  cities. 
There  has  been  a  tendency  in  many  recent  discussions  to  over-estimate  New 
York's  rank  among  other  cities  in  wastefulness  of  water  and  to  over-estimate 
the  saving  that  can  be  made  because  of  an  apparent  failure  to  appreciate  that 
the  real  obstacles  to  reform  are  grounded  in  human  nature  and  not  in  hydraulic 
engineering. 

My  best  guess  is  that  the  total  leak  underground  in 
the  streets  at  present  amounts  to  somewhere 
between 


It  can  nezfcr  be  knozvn  with  any  degree  of  accuracy 
just  what  this  underground  leakage  in  ttte  street 
is  until  there  is  a  meter  on  every  tap  and  a  daily 
estimate  made  of  all  public  uses  and  draft  for 
fires,'  when  by  subtracting  what  is  measured 
out  from  what  is  measured  into  the  distribu- 
tion system,  the  difference  will  give  the  leak- 
age from  the  street  pipes.  This  kind  of 
measurement  in  Fall  River  and  Woon- 
socket,  with  the  allowance  for  a  smaller 
number  of  joints  and  of  service  pipes  in  New 
York,  gives  us  the  ideal  of 


20  and  35  gallons  per 

inhabitant 
per  day. 


S  to  10  gallons  per 

inhabitant 
per  day. 


— for  maximum  leakage  of  street  mains  and  service  pipes  toward  which  the 
water  distribution  service  of  Greater  New  York  should  work.  To  attain  this 
ideal  will  require  years  of  patient  work  and  very  heavy  expenditure. 


Metlwds  Required  for  Locating  the  Waste. 

To  find  the  leaks  in  the  1,500  miles  of  cast-iron  main  pipes  of  the  city's 
water  works  in  Manhattan  and  Brooklyn  and  to  locate  among  the  250,000 
service  pipes  in  these  two  boroughs  those  which  are  leaky ;  and  to  find,  dig 
up    and  plug  off  the  thousands  of  abandoned   service   pipes,  a  part   of 
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which  are  without  doubt  leaking  badly  and  all  of  which  are  likely  to  leak 
sooner  or  later,  is  an  enormous  task  and  the  remedy  cannot  be  applied 
quickly  enough  to  help  out  the  imminent  shortage  in  the  present  water  sup- 
ply, but  is  a  task  for  20  years'  steady,  patient,  broadly  planned  work.  To 
find  a  large  leak  now  or  to  know  where  to  look  for  the  worst  leaks  is  like 
hunting  for  the  proverbial  needle  in  the  hay-stack.  Before  we  can  stop  the 
leaks,  we  must  find  them,  and  no  better  or  more  economical  method  now 
appears  for  finding  the  worst  leaks  first,  than  the  following — 

It  is  recommended  to 

1st.  Subdivide  each  borough  into  districts  averaging,  say,  one-half  mile 
square  in  Manhattan  and  Brooklyn,  following  ward  lines  where  practicable, 
stop  off  all  water-pipe  connections  across  the  boundaries  of  this  district 
excepting  three — feed  the  water-pipes  through  two  connections  at  most  (the 
3d  being  in  reserve  and  shut  ordinarily),  and  place  a  Venturi  meter  on  each 
of  the  two  in  use,  and  thus  measure  day  by  day  the  total  quantity  of  water 
delivered  into  each  district.  Occasionally  by  the  same  meters  measure  the  rate 
of  flow  at  intervals  of  5  minutes  throughout  the  24  hours,  to  get  the  relation 
of  the  night  flow  to  the  day  flow  and  thus  determine  the  total  leakage  and 
waste  for  this  one-quarter  square  mile,  much  as  was  done  for  the  whole  city 
in  our  Central  Park  experiments.  From  the  records  of  the  forthcoming 
census,  find  the  population  dwelling  in  each  district.  From  the  Water 
Register's  meter  records  find  the  total  average  daily  consumption  of 
metered  water  for  all  manufacturing  and  commercial  uses  within  the  district. 

There  will  then  be  available  for  each  district — 

The  average  rate  of  total  consumption  and  waste  per  24  hours. 

night  waste  per  24  hours, 
total  real  use  per  24  hours. 
"  manufacturing  and  commercial  use  per  24  hours. 


((  <<       a 
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From  the  known  population  in  the  district  and  the  character  of  the 
houses,  a  fairly  close  estimate  can  be  made  of  the  probable  real  domestic 
use  and  this  added  to  the  manufacturing  and  commercial  use  and  deducted 
iFrom  the  Venturi  meter  reading  gives  the  waste — thus  checking  up  with  the 
determination  of  waste  by  rate  of  flow  after  midnight. 

The  sum  total  of  all  the  Venturi  meters  should  be  checked  up  against 
the  recorded  delivery  of  the  aqueducts. 

Having  all  this  information  for  each  district,  those  districts  in  which 
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the  leakage  is  worst  can  be  picked  out  and  placed  first  in  order  for  further 
study. 

I  have,  of  course,  found  no  time  for  working  out  details,  defining  the 
boundaries  and  estimating  the  cost  of  this  first  step  in  the  location  of 
leakage,  but  it  is  plain  that  it  would  be  comparatively  small. 

2d.  The  next  proper  step  would  appear  to  be,  beginning  in  those  dis- 
tricts where  the  greatest  waste  is  found,  apply  a  water  meter  to  every  tap 
not  now  so  provided,  public,  private  and  all;  keep,  with  the  assistance  of 
Street  Department,  Fire  Department  and  Sewer  Department,  an  approxi- 
mate daily  record  of  the  amount  of  water  drawn  for  flushing,  fires,  etc. 
(This  is  found  practical  and  easy  in  certain  other  large  cities  and  could 
doubtless  be  readily  accomplished  throughout  New  York.) 

Adding  up  the  sum  total  of  the  meter  readings  in  the  district  for  each 
quarter,  the  average  daily  use  and  waste  inside  the  houses  and  commercial 
buildings  would  be  known,  and  knowing  what  was  measured  into  the  pipes 
of  each  district  through  the  Venturi  meters,  and  from  this  deducting  what 
was  measured  out  through  the  service  meters,  plus  the  draft  for  fires,  flush- 
ing and  street  sprinkling,  there  would  be  had,  for  the  first  time  in  New  York, 
definite  knowledge  of  the  amount  leaking  out  through  all  the  leaky  joints  in  main 
pipes  and  throughout  all  of  the  old,  leaky  and  abandoned  service  pipes, 

3d.  Since  to  uncover,  recaulk,  relay  any  large  proportion  of  the  1,500 
miles,  more  or  less,  of  cast-iron  mains  in  Manhattan,  The  Bronx  arid  Brook- 
lyn, would  be  a  work  of  many  years  with  any  such  tearing  up  of  streets  at 
one  time  as  the  public  would  probably  tolerate,  and  since  the  immediate 
relaying  of  any  large  proportion  of  the  250,000  service  pipes  (more  or  less) 
would  for  similar  reasons  be  inexpedient,  it  is  important  to  discover  and 
remedy  the  worst  cases  of  leakage  first. 

For  this  is  first  needed  a  series  of  very  large  scale  sectional  maps  upon 
which  should  be  compiled  all  information  that  records  or  questions  can 
reveal,  as  to  age  and  position,  size  and  position  of  every  service  pipe,  main 
pipe  and  gate,  both  abandoned  pipes  and  active  pipes. 

To  discover  and  locate  the  worst  leaks  or  the  street  blocks  containing 
them,  the  districts  mentioned  in  paragraph  i  should  temporarily  be  sub- 
divided into  sections  of  about  1,000  feet  square,  by  closing  the  water  gates, 
and  each  section  fed  through  a  Deacon  meter,  and  then  proceeding  by  the 
regular  Deacon  method,  one  street  after  another  should  be  temporarily  shut 
off  by  night  by  closing  the  gates  at  street  intersections,  and  the  effect  noted 
on  the  leakage  diagram.     Taken  in  connection  with  a  special  reading  of 
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the  service  meters  through  this  section,  this  would  plainly  indicate   which 
streets  should  first  have  the  main  pipes  and  services  overhauled. 

An  inspection  of  the  map  above  recommended  in  connection  with  the 
Deacon  Diagram  would  give  grounds  for  a  good  guess  at  the  location  of 
the  leakage  found  to  exist  somewhere  within  the  block. 

The  absence  of  stop-cocks  on  the  service  pipes  within  the  streets  at  the 
curbstone-line  prevents  carrying  the  search  one  step  further,  as  is  possible 
in  most  cities,  but  I  would  very  strongly  recommend  that  as  pipes  are 
renewed  and  new  services  extended,  curb  stop-cocks,  or  their  equivalent, 
close  to  the  main  on  a  combination  service  pipe  for  several  houses,  be  the 
invariable  rule. 

It  does  not  appear  reasonable  to  expect  that  this  hunting  down,  l6cating 
and  remedying  the  thousands  and  probably  hundreds  of  thousands  of  under- 
ground leaks  throughout  all  of  New  York  could  be  at  best  accomplished  in 
10  years,  and  my  present  views  are  that  the  far-sighted  and  proper  course 
would  be  to  set  such  a  pace  and  steadily  pursue  it,  that  20  years  hence  every 
main  pipe  and  service  pipe  about  which  there  can  be  any  suspicion  of  weak- 
ness or  leakage  would  have  been  overhauled  and  replaced  or  made  strong 
enough  for  a  regular  working  pressure  of  100  pounds  per  square  inch,  and 
all  fire  hydrants  meanwhile  be  brought  up  to  date.  This  could  be  readily 
accomplished  with  no  heavy  burden  on  the  water  rates  if  spread  over  a 
period  of  20  years. 
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Possible  Remedies  for  Waste. 

Water  Meters. 

After  having  studied  into  the  conditions  as  thoroughly  as  possible  in 
the  time  at  my  disposal,  I  am,  from  the  evidence,  forced  to  conclude  that 
the  ofie  efficieftt,  economical  and  practical  method  for  lessening  the  waste  of  water 
in  New  York  begins  with  a  zuater  meter  on  every  service  pipe.  At  the  same 
time  I  must  admit  that  public  sentiment  in  New  York  (or  the  other  largest 
American  cities)  does  not  appear  to  be  in  favor  of  domestic  meters,  but  I 
believe  the  adverse  sentiment  comes  from  lack  of  full  understanding  of  the 
benefits  to  the  public  welfare  and  from  an  exaggerated  notion  of  the  incon- 
veniences. There  is  a  growing  sentiment  in  favor  of  meters  in  the  country 
at  large,  and  the  method  of  selling  water  through  meters  for  household  pur- 
poses, and  thus  making  each  man  pay  only  for  what  he  gets  instead  of  forc- 
ing him  to  share  in  the  expense  to  the  city  of  his  neighbor's  wastefulness; 
of  placing  a  premium  on  economy  and  a  penalty  on  carelessness  and  willful 
waste,  has  been  fully  tested  and  proved  entirely  satisfactory  in  Providence, 
the  second  city  in  New  England,  in  Worcester,  Fall  River,  Lawrence  and 
Lowell,  the  chief  industrial  cities  in  Massachusetts,  and  is  meeting  with 
success  in  Syracuse  and  Poughkeepsie,  New  York. 

Meters  give  less  annoyance  than  continued  house-to-house  inspection. 

The  experience  of  various  cities  demonstrates  clearly  that  there 
is  much  more  friction  between  the  householder  and  the  Water  Depart- 
ment in  the  method  of  preventing  waste  by  continued  house-to-house  inspec- 
tion by  employees  looking  for  leaky  plumbing,  than  when  an  employee 
merely  enters  the  cellar  for  a  moment  once  in  three  months  to  read  a  meter 
and  the  householder  becomes  his  own  inspector  of  fixtures,  except  as  he 
may  find  occasion  to  ask  for  the  friendly  assistance  of  an  expert  inspector 
to  trace  some  hidden  cause  for  a  high  meter  reading. 

The  simpler  method  of  a  meter  in  the  cellar  appears  to  retain  its  hold 
on  keeping  down  waste  through  the  vicissitudes  of  different  administrations 
much  better  than  the  Deacon  system  with  its  requirements  for  special  skill 
of  direction  and  experienced  inspectors.  The  experience  of  Boston  is  a  case 
in  point.  Lender  the  Deacon  system,  by  an  exceptionally  skillful  and  vigor- 
ous administration,  so  much  waste  was  stopped  in  1883-4  that  the  consump- 
tion per  inhabitant  was  reduced  from  91.5  gallons  to  68  gallons  per  day  in 
Boston  proper  and  in  the  entire  district  supplied  from  the  Sudbury  and 
Cochituate.  As  the  closeness  of  inspection  has  relaxed,  and  the  "  new 
broom  "   ceased  to  sweep  clean,  the  consumption  has  gradually  increased 
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until  for  the  year  1899  it  averaged  about  120  gallons  per  capita  per  day  for 
the  same  district.  Meanwhile,  under  the  system  of  complete  metering,  the 
total  consumption  in  Fall  River  for  all  purposes*  has  in  the  same  period 
increased  only  from  32  to  36,  and  in  Providence  from  36  to  54.  This 
increase  of  18  gallons  in  Providence  is  thought  by  the  City  Engineer  to 
have  come  mainly  from  increased  use  for  manufacturing  and  for  hydraulic 
elevators  worked  direct  from  the  city  pressure.  In  Worcester  the  total  con- 
sumption, with  large  use  for  manufacturing  and  probably  considerable  waste 
from  the  mains,  was  only  69  gallons  in  1899.  In  earlier  years  the  total  water 
supplied  was  not  measured. 

Citizens  and  water  works  officials  with  whom  I  have  discussed  this 
matter  have  informed  me  that  the  New  York  public  is  not  educated  up  to 
this  metering  of  domestic  services  and  that  the  New  York  voters  would  not 
submit  to  it.  That  this  could  be  overcome  by  a  long  campaign  of  education 
would  appear  to  be  proved  by  the  general  satisfaction  of  the  public  with 
meters  in  Fall  River,  Providence,  Worcester,  Woonsocket,  Atlanta,  and 
many  other  municipahties.  Personally,  I  am  well  satisfied  with  receiving  at 
my  residence  in  Providence  more  water  for  $10  per  year  through  a  meter 
than  I  received  in  a  suburb  of  Boston  under  schedule  rating  without  a  meter 
for  $25  per  year. 

Perhaps  past  methods  and  past  schedules  for  the  adjustment  of  water 
rates  are  not  the  best  or  most  popular  that  can  be  devised.  I  am  led  to 
believe  that  if  the  tariff  of  meter  rates  for  dwellings  is  properly  adjusted, 
that  when  the  average  house  owner  comes  to  clearly  understand  that 
domestic  meters,  to  be  paid  for  by  the  city,  will  put  the  burden  of  waste 
where  it  belongs,  that  a  saving  to  his  own  pocket  can  be  made  by  reason  of 
his  not  having  to  pay  so  much  extra  for  water  to  make  good  the  waste  from 
the  undiscovered  leaks  in  street  pipes  and  the  leaks  in  the  house  of  his  care- 
less neighbor,  and  that  by  the  prevention  of  this  waste  he  will  enjoy  a  greater 
pressure  of  water  than  heretofore,  and  can  meanwhile  have  every  gallon 
that  he  now  uses,  and  more,  too,  at  less  cost — if  these  matters  can  be 
made  plain,  it  is  reasonable  to  expect  that  the  public  will  strongly  favor 
metering  every  tap.  To  work  out  the  details  of  an  equitable  water  meter 
tariff  which  should  give  a  minimum  domestic  meter  charge  of,  say,  $5  per 
year  for  a  small  tenement,  and  should  for  this  $5  supply  all  of  the  legitimate 
needs  of  a  family  of  ordinary  size — ^with  subdivisions  of  meters  in  tenement 
houses  and  apartment  houses,  much  as  gas  meters  are  now  set  for  each  suite 


*  The  use  of  water  from  the  pubh'c  mains  by  the  large  factories  of  Fall  River  is  small.     Most 
of  them  draw  water  for  steam,  washing  and  water-closets  from  the  river  or  from  ponds. 
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of  rooms,  all  this  would  require  much  study  and  consultation  with  Health 
officers  and  experts  in  sanitation  to  make  sure  that  it  was  to  no  landlord's- 
advantage  for  his  tenant  to  use  less  than  an  ample,  generous  supply,  but 
would  not  require  much  more  study  than  is  involved  in  the  planning  and 
engineering  for  a  great  storage  reservoir  like  that  proposed  at  Cross  river. 

The  greatest  cause  of  house  waste  is  undoubtedly  cheap  and  neglected 
plumbing  fixtures,  and  among  fixtures,  tank  ball-cocks  are  doubtless  the 
greatest  cause  of  leakage.  The  fastening  of  cocks  open,  letting  the  water 
run  unnecessarily  is  also  a  great  source  of  waste.  Meters  tend  to  a  prompt 
remedy  of  both  of  these  wastes. 

One  cause  of  the  smaller  consumption  in  certain  English  cities  is  prob- 
ably the  rigid  requirements  for  inspection  of  plumbing  fixtures.  In  certain 
of  the  English  cities  every  fixture  must  be  officially  inspected,  approved  and 
stamped  before  a  plumber  can  use  it,  and  this  is  believed  to  have  greatly 
lessened  the  waste. 

Brightly  polished  fittings  all  look  very  much  alike  when  new,  and  considerable  loss  results  in 
time  from  tnose  which  are  light  or  soft  or  of  cheap  design,  but  with  the  compression  cocks  shut- 
ting against  leather  or  rubber  or  fibre  discs,  common  in  all  American  plumbing,  it  is  more  often  a 
question  of  neglect  to  apply  a  new  disc  or  washer  than  of  leakage  caused  by  wear  or  yielding  of 
the  metal. 

For  the  underground  plug  cocks,  the  corporation  cock,  or  the  cellar  stop  and  waste  cock, 
there  is  a  temptation  to  cheapen  the  cost  of  manufacture  by  adding  lead  to  the  mixture  of  tin  and 
copper  or  to  use  the  cheaper  alloy — soft  **  yellow  brass,"  consisting  only  of  a  mixture  of  spelter 
and  copper,  thus  givmg  a  metal  which  can  be  Worked  in  the  lathe  at  high  speed  and  with 
broad  cuts. 

The  experience  in  those  American  cities  which  are  fully  metered  and  whose 
domestic  consumption  has  been  already  quoted,  appears  sufficient  proof  that  each 
householder  will  become  a  fairly  good  inspector  of  leaky  plumbing  if  he  has  a 
water  meter  in  ttie  cellar,  and  that  reputable  plumbers  will  supply  their  cus- 
tomers with  proper  fixtures  without  the  inconvenience  and  expense  of  a 
government  inspection,  if  the  customer  finds  it  to  his  pecuniary  advantage 
to  prevent  waste  of  water  through  leaky  fixtures  (see  p.  47). 

The  great  objection  urged  against  meters  is  the  fear  that  they  will  tend 
to  a  harmful  restriction  of  the  use  of  water  in  the  houses  of  the  poor  or  in 
tenement  blocks  where  the  landlord  may  not  be  of  the  most  liberal  class  and 
would  try  to  save  water,  if  metered,  at  the  expense  of  his  tenants'  comfort 
and  health.  This  is  a  matter  which  can,  I  believe,  be  solved  after  proper 
study  by  some  system  of  separate  meters,  combined  with  a  carefully  con- 
sidered scale  of  minimum  charges.* 


*  Perhaps  the  inventor  can  help  solve  this  problem  for  those  who  fear  injurious  restrictions  of 
use  by  the  presence  ol  a  meter,  by  a  meter  register  with  an  extra  visible  counter  like  that  of  the 
improved  bicycle  cyclometers  which  have  one  counter  that  can  be  set  back  to  zero  at  the 
beginning  of  a  run,  so  that  the  tenant  can  keep  the  riin  of  the  use.  But  practical  experience  in 
the  metered  cities  appears  to  prove  that  this  is  an  unnecessary  complication  for  the  average  consumer. 
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The  reliable  answer  is  found  in  the  test  of  experience.  No  complaint,  so 
far  as  I  am  aware,  now  exists  in  Fall  River,  Providence,  Worcester,  Lawrence, 
Syracuse  or  Poughkeepsie,  Atlanta  or  Richmond,  that  the  comfort  or  health  of 
xiny  class  in  the  community  suffers  because  of  the  application  of  water  meters. 

City  Ownership  of  Meters  and  Service  Pipes, 

For  the  best  results  in  saving  waste  these  house  meters  and  the  entire 
length  of  all  service  pipes,  from  the  main  in  the  middle  of  the  street  to  inside 
the  cellar  wall,  should  be  paid  for  and  put  in  by  the  city,  and  the  city  be 
responsible  for  their  good  repair,  and  the  meters  should  be  periodically 
tested  free  of  expense  to  the  householder.  I  am  of  the  further  opinion  that 
the  city,  at  the  same  time  and  at  its  own  expense,  should  apply  a  curb  stop- 
cock to  every  tap. 

Systematic  work  in  this  direction  should  at  once  be  begun,  looking 
toward  the  city  examining  and  replacing  all  service  pipes  of  whose  tightness 
there  is  any  doubt,  at  some  fixed  rate  of  progress  per  year,  looking  to  the 
entire  overhauling  and  remodeling  of  these  within  a  period  of,  say,  20  years, 
relaying  them  with  fewer  main  arteries  under  the  roadway,  branching  near 
the  curb  into  the  several  buildings  and  with  a  curb  stop-cock  on  the  pipe 
into  every  building,  at  the  same  time  making  all  new  pipe  thick  and  strong 
enough  to  stand  a  future  working  pressure  of  100  pounds  per  square  inch. 
Taking  the  work  up  in  this  manner,  systematically,  with  the  aim  and  end 
continually  kept  in  view,  of  having  all  doubtful  pipes  relaid  and  made  good 
within  20  years,  would  not  burden  the  water  debt  revenues  seriously  and  the 
20  years  would  quickly  pass. 

These  curb  stop-cocks  are  now  the  rule  in  almost  every  city  excepting 
New  York,  and  one  or  two  cities  have  cut  them  in  subsequently  to  the 
original  construction.  They  are  of  the  utmost  convenience  and  utility  for 
detecting  waste.  In  quantity,  under  ordinary  conditions,  they  can  be  put 
in  for  from  $5  to  $6  each  for  the  ordinary  sizes. 

In  the  most  crowded  portions  of  New  York  there  are  difficulties  arising  from  the  general  use 
of  vaults  under  the  sidewalk  and  from  the  tearing  up  and  patching  of  asphalt  or  other  pavement 
that  would  add  to  the  expense.  A  large  portion  of  Boston  was  originally  piped  without  them, 
but  they  were  subsequently  added.  About  6,cxx)  cut  in  in  1887  averaged  costing  about  I5  each 
for  all  labor  and  material.  Paterson,  N.  J.,  is  another  city  where  it  has  been  found  profitable 
to  add  them.^  Within  the  past  two  years,  under  the  efficient  administration  of  J.  Waldo  Smith, 
C.  E.,  Superintendent  of  Water  Works,  about  2,000  curb-stops  have  been  set  at  prices  averaging 
not  far  from  $5  to  %$.$o  for  the  ordinary  domestic  sizes,  as  one  effective  means  for  aiding  in  the 
restriction  of  waste. 

It  appears  that  this  work  of  providing  every  tap  with  a  curb-stop  might 
v^ithout  inconvenience  proceed  at  a  rate  which  would  in  ten  years  equip 
every  tap  in  Greater  New  York  not  now  so  provided. 
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Expense  of  Applying  Meters  and  Time  Required. 

By  taking  hold  of  this  matter  of  introducing  meters  earnestly,  every 
tap  in  New  York  and  Brooklyn  could  be  provided  with  a  meter  within  five 
years  from  the  time  that  the  approval  of  the  public  was  assured. 

The  average  cost  of  cutting  in  a  water  meter  located  in  the  cellar  upon  an  old  service  pipe, 
including  all  IsTbor,  pipe  fitting  and  a  support  or  box  for  the  meter,  as  found  by  the  average  of  a 
large  number  of  jobs  upon  the  common  domestic  sizes  of  service  pipe,  mainlv  ^  inch  and  ^ 
inch,  under  the  different  practice  and  methods  of  fitting  up  of  the  different  cities,  is  stated  U> 
me  by  water  works  officials  in  these  cities  to  average  as  follows  : 

Lawrence,  Mass I1.50 

Maiden,  Mass 1. 47  to  $1.66 

Providence,  R.  1 3.75 

Paterson,  N.  J 3.10 

The  cost  of  applying  meters  in  New  York  and  Brooklyn  with 
the  work  done  by  the  city,  working  systematically  on  a 
large  scale,  for  the  labor  and  material  for  setting  the 
meters,  would  probably  average  not  above $2.50  each. 

Meters  of  the  common  domestic  sizes,  partly  5-8,  many  3-4, 

and  a  few  larger,  at  a  fair  average  price,  would  cost 12.50  each. 


Average  cost  per  tap  of  metering  would  probably  not  exceed.  $15.00 


There  are  said  to  be  at  present  about  86,000  unmetered  taps  in  Manhat- 
tan and  in  The  Bronx.  Therefore,  to  meter  every  unmetered  tap  in  Manhat- 
tan and  The  Bronx  would  cost  not  far  from,  86,000  X  $1500  =  $1,290,000; 
or,  working  under  good  organization  on  a  large  scale,  the  work  could  be 
done  for  less. 

In  other  words,  to  meter  every  tap  now  remaining  unmetered  in  Man- 
hattan and  The  Bronx  would  probably  cost  less  than  the  land,  legal 
expenses,  damages  and  cost  of  construction  for  the  proposed  new  reservoir 
in  the  Croton  Watershed  at  Cross  river,  and  would  probably  give  two  or 
three  times  as  much  water,  and  would  furthermore  permit  the  pipe-waste  to- 
be  systematically  located  so  that  a  still  further  saving  could  be  made. 

Probable  Saving  in  Manhattan  by  Meters, 

The  saving  by  meters  in  preventing  waste  from  poor  plumbing,  and 
careless  or  willful  waste  inside  the  house,  apart  from  the  saving  that  can  be 
made  by  investigating  and  stopping  the  leaks  outside  the  cellar  wall,  after  the 
system  got  well  established,  would,  as  I  believe,  judging  by  experience  with 
meters  in  other  cities  and  bv  the  measure  of  the  total  waste  which  now  cer- 
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tainly  exists,  very  soon  amount  to  15  or  20  gallons  per  inhabitant  per  day, 
and  possibly  to  25,  and  after  10  or  20  years  of  education  in  economy  of  water 
and  the  natural  gradual  weeding  out  of  poor  fixtures  the  saving,  as  com- 
pared with  the  present  waste,  might  reach  30  or  40  gallons  per  capita  per 
-day. 

A  saving  of  only  20  gallons  per  capita  daily  on  2,000,000  population, 
would  make  a  total  saving  of  40  million  gallons  per  twenty-four  hours. 

While  by  the  reservoir  proposed  at  Cross  river  to  hold  9  billion  gallons 
of  storage,  the  addition  to  water  resources  of  the  city  in  a  time  of  extreme 
low  rainfall  probably  would  be  only  12  million  gallons  per  day. 

Measured  from  another  point  of  view,  the  saving  by  domestic  meters 
would  probably  be  equivalent  to  supplying  from  3  to  5  years'  natural 
increase  of  consumption  at  the  decreased  rate,  but  it  might  take  a  long  time 
to  obtain  the  full  extent  of  this  saving  and  to  overcome  the  wasteful  habits 
that  had  been  long  established  and  to  discover  and  repair  the  many  leaks 
inside  the  houses. 

No  such  economy  could  be  hoped  for  at  first  as  that  obtained  in  the 
cities  that,  like  Fall  River,  have  been  fully  metered  all  the  time  since  the 
works  were  built,  and  where  the  house  owners  and  plumbers  have  been  thus 
educated,  that  good  fixtures  are  most  economical  although  costing  a  little 
more  at  first. 

Other  Methods  than  Meters  for  Preventing  Waste, 

So  much  has  recently  been  said  and  published  in  the  daily  papers  con- 
cerning other  methods  for  preventing  waste  in  New  York  City,  that  it  is 
best  not  to  dismiss  this  subject  without  a  few  words  about  the  other  prax:tical 
methods. 

The  water  waste  prevention  problem  has  engaged  the  earnest  atten- 
tion of  water  boards  and  engineers  in  more  than  a  hundred  cities  for 
the  past  twenty  years,  and  the  writer  believes  facts  justify  the  statement, 
speaking  broadly,  that  out  of  all  this  experience,  only  three  successful 
methods  of  preventing  waste  in  a  large  community  have  been  devised. 

The  first  is  that  of  a  meter  on  substantially  every  tap,  already  described. 

The  second  is  that  of  house-to-house  inspection  for  leaky  plumbing. 

The  third  system  is  that  known  as  the  Deacon  system  of  water  waste 
detection. 
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Cost  of  Maintenance  of  Water  Meters. 

On  page  75  I  have  estimated  the  average  cost  per  tap  for  metering  all 
of  the  service  pipes  not  now  metered  in  New  York,  these  consisting  mainly 
of  domestic  services  at  $15  each,  including  all  material  and  labor. 

The  question  next  comes  as  to  the  cost  of  the  yearly  maintenance  of 
these  meters,  as  an  important  fact  to  be  known  before  deciding  how  much 
the  net  saving  by  meters  really  is,  and  whether  it  is  cheaper  to  waste  the 
water  which  meters  undoubtedly  save  than  to  meet  the  large  expense  of 
introducing  and  maintaining  meters. 

This  (question  is  so  important  that  an  extended  analysis  of  the  experience  in  various  largely 
metered  cities  would  be  well  worth  its  trouble  and  expense.  These  would  be  considerable,  for 
the  records  will  seldom  be  found  so  separated  and  classified  as  to  give  just  the  information  wanted 
without  much  working  over. 

Life  of  a  Water  Meter* 

I  have  not  had  time  to  give  this  problem  the  attehtion  it  deserves,  but  have  personally  made 
some  brief  examination  of  tne  records  of  the  Providence,  R.  I.,  Department  of  Public  Works, 
which  has  for  many  years  maintained  the  largest  number  of  meters  to  be  found  in  any  one  Amer- 
ican city  excepting  I^ew  York,  and  has  been  using  meters  extensively  for  more  than  25  years.  In 
1880,  twenty  years  ago,  Providence  had  45  per  cent,  of  all  its  taps  metred  and  4,401  meters  in  use. 

On  Sept.  30,  1898,  Providence  had  16,246  meters.  In  1800  had  9,286  meters. 

On  Dec.  31,  1898,  Fall  River  had    6,128  meters.  In  1889  had  3,138  meters.* 

On  Nov.  30,  1898,  Worcester   had  11,878  meters.  In  1889  had  7,354  meters.* 

In  1898,  Rochester   had    7,227  meters.  In  1889  had  1,800  meters.* 

On  June  30,  1898,  Syracuse      had    5,806  meters.  In  1889  had     430  meters.* 

In  1895,  Milwaukee  had  15,95 '  meters.  In  1889  had       30  meters.* 

The  Water  Department  of  Providence  has  from  the  first  been  under  excellent  systematic 
management  and  has  maintained  excellent  records.  Some  excellent  notes  on  its  experience  in 
cost  of  maintaining  meters,  by  Edmund  B.  Weston,  C.  £.,  will  be  found  in  *<  Journal  Engineering 
Societies,  1888,"  page  303.  I  have  not  had  time  to  secure  a  complete  analysis  of  these  records 
for  the  14  years  that  have  elapsed  since  this  analysis  by  Mr.  Weston,  but  from  a  brief  examination 
of  these  records,  very  courteously  afforded  me,  and  from  conference  with  Mr.  Otis  F.  Clapp,  City 
Engineer!  and  Mr.  Austin,  Clerk  of  the  Meter  Department,  the  following  facts  are  established  : 

The  average  life  of  the  ordinary  domestic  meter,  of  a  good  type,  well  cared  for  and  with 
occasional  repairs  and  renewal  of  worn  parts,  may  be  safely  assumed  at  not  far  from  20  years. 

There  are  very  many  meters  from  20  to  25  years  old  still  in  use  in  Providence  giving  excellent 
service.  Out  of  the  391  meters  condemned  for  all  causes,  including  freezing,  during  1899 — which 
is  4  per  cent,  of  the  number  in  use  10  years  ago^a  cursory  examination  of  the  records  shows 
many  to  have  been  in  use  for  25  years  and  a  majority  more  than  20  ^ears,  and  very  few  less  than 
15  years.  Probably  Providence  has  been  more  carefiil  than  most  cities  in  its  selection  of  meters, 
but  with  the  experience  now  obtained  any  city  should  be  able  to  do  as  well  in  the  future. 

Annual  Cost  of  Repairs, 

The  number  of  water  meters  in  use  in  Providence,  December  31,  1899,  was 17, 124 

31.  i89»»    "   ^^6,388 


(«  tt 


Increase  in  total  number  during  year 736 

Number  of  old  meters  replaced  by  new  during  year 391 

Total  number  of  meters  set  during  year i,  127 

Average  number  of  meters  in  use  during  year 16,756 


*  Per  **  Manual  of  American  Water  Works,"  1879-1880. 
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To  set  these  1,127  ^^"^  meters  and  to  care  for  the  average  number  of  meters  in  use  during 
the  year  required  the  services  of 

1  Foreman  Machinist  @  $1,100  =— Iiyioo  00  per  year. 

2  Machinists  @  |f  ,000  — 2,000  00 

I  Assistant  Mechanic  @  $780  — 780  00 


Total  4  men l3,88o  00        '* 

2  one-horse  teams,  which  we  assume  cost,  all  told 800  00       ''*' 

The  total  sum  charged  to  repairs  of  meters  was $6,835  53 

Of  which  above  wages  amounted  to  about 3,880  00 


Leaving  as  approximate  cost  of  repair  parts  and  supplies. . . .       $2,955  53         2,956  00 
I  assume  as  fair  allowance  for  use  of  quarters  and  tools,  etc.,  say 1,000  00 

Approximate  annual  cost  setting  1,127  new  meters,  caring  for  16,756 
meters  in  use,  the  average  meter  in  use  being,  say  roughly,  now  1 1  years  old.       $8,636  00 

To  get  at  cost  of  caring  for  and  repairing  old  meters. 
We  should  properly  deduct  actual  cost  for  setting  up  the  736  new  meters. 
I  have  not  had  time  to  make  a  close  estimate  on  this  from  time  books, 
but  it  must  have  been  at  least,  say 1,000  00 

Leaving  an  annual  cost  of  maintaining  16,756  meters  averaging  over  10 

years  old $7*636  00 


it 
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In  a  large  system  of  meters,  once  in  permanent  condition  with  renewals  all  the  time  going 
on,  with  an  average  life  of  20  years,  the  average  meter  will  be  about  10  years  old. 

Average  cost  in  Providence,  R.  I.,  of  repair  and  maintenance  per  meter  per  year  fVAV  "" 
46  cents. 

The  figure  above,  deduced  somewhat  roughly  from  recent  experience,  is  found  to  agree 
remarkably  with  the  figure  of  44  cents  deduced  by  Mr.  Weston  from  the  Providence  experience 
for  the  six  years  1878  to  1886  ;  the  fact  that  the  average  meter  is  now  older  being  perhaps  offset 
by  the  use  of  a  more  durable  type  of  meter  than  some  of  the  types  at  first  used. 

Cost  of  Reading  Meters  and  of  Computing  Meter  Rates, 

To  read  the  meter  registers  quarterly,  and  to  compute  and  make  out  the  bills  for  the  average 
number,  16,756  meters,  in  use  in  Providence  in  1899  required  the  work  of  5  men  and  a  superin- 
tendent, but  in  between  times  these  men  did  much  other  work,  such  as  inspecting  the  fixtures  in 
the  comparatively  few  unmetered  buildinp[s,  helping  in  delivery  of  water  notices  and  occasional 
assistance  to  the  service  clerk  in  turning  water  on  and  of!. 

The  total  of  the  salaries  for  these  six  men  for  the  year  was  about $6,000  00- 

There  is  no  team  employed  on  this  work,  but  city  furnishes  street-car  fare — perhaps  200  00 

I  will  assume  as  a  fair  allowance  for  cost  of  quarters  and  stationery 800  00 

Total  cost  for  reading  meters,  etc $7)00O  oa 


Making  no  deduction  because  of  the  other  work  done  by  these  men  the  average  cost  per 
meter  per  year  for  4  readings  is  J^^§^  ■"  42  cents. 
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Summary  of  Cost  of  Metering  Water  on  a  Large  Scaie,    Weli  Organized, 


Average  Expenses  per  Meter  per  Year. 


Actual  Kxperience 

in  Providence, 

Rhode  Island, 

about). 


Interest  on  cost  of  meter  and  setting  (3^  on  $15  for  N.  Y.). . ' 
Depreciation  and  renewal  of  meter.     Life  assumed  20  years. 

Maintenance  and  repairs,  and  testing  and  resetting 

Reading  water  registers  and  computing  bills | 


50  cents. 

75     " 
46     " 

42     " 


Total  cost  per  meter,  per  year 1     $213 


Assumed  for 

Kstimate 
for  New  York. 


45  cents. 
75 

70 
60 


(C 


<c 
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For  Manhattan  and  The  Bronx — The  additional  expense  (or  the  86.000  domes- 
tic services  not  now  metered  would,  per  the  above,  be  86,000  x  $2.50  -»  $215,000  per  year. 

Which,  judging  by  recent  Boston  experience  with  the  Deacon  meter,  is  much  less  than  it 
would  cost  to  maintain  a  waste  water  detection  service  of  that  kind,  with  its  far  lower  efficiency. 

I  have  little  doubt  that  the  complete  introduction  of  meters,  paid  for  by  the  City,  the  City 
assuming  also  the  ownership  and  paying  for  the  meters  already  in  use  at  their  fair  present  value, 
and  thus  leading  to  a  total  yearly  expense  for  intere>t,  maintenance,  repairs  and  renewals  of,  say, 
120,000  X  $2,500-  1300,000  per  year  for  Manhattan  and  The  Bronx  (a  large  part  of  which  is 
now  expended  on  present  meter  service  and  waste  detection),  would  save  of  house  waste  within  a 
very  few  years  40  million  gallons  of  water  per  day,  which  at  the  low  value  of  $25  per  million 
gallons  would  be  worth  40  million  gallons  X  365  days  X  $25  — »  $365,000  per  year. 

And  believe  this  would  quickly  lead  to  a  much  larger  saving  by  making  it  practicable  to 
locate  more  of  the  waste  from  street  mains  and  service  pipes  than  can  be  done  without  them. 

On  the  other  hand,  since,  as  elsewhere  explained,  a  large  additional 
supply  appears  imperative,  there  is  no  need  to  incur  both  expenditures  for 
meters  and  for  new  supply  complete  all  at  once. 

The  new  supply  (up  to  at  least  150,000,000  gallons)  will  probably  be 
had  almost  as  cheaply  in  full  as  in  part  and  the  two  reasons  for  encouraging 
meters  are: 

First — To  conserve  the  present  sources  and  avoid  danger  in  the  years  that 
must  elapse  before  the  new  source  is  ready. 


Second — The  gradual  education  of  the  public  in  matters  of  water  meters 
toward  the  not  very  distant  day  when  substantially  all  service  pipes 
must  be  metered. 
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Third — As  a  part  of  the  necessary  progress  toward  so  reducing  the  bulk 
of  water  delivered,  that  filtration  of  the  entire  Croton  and  Bronx  sup- 
plies may  come  within  bounds  of  practicability. 

Therefore,  while  metering  of  all  taps  should  be  encouraged,  it  need  not 
be  forced  for  5  or  10  years  to  come,  providing  the  Housatonic  source  can 
be  obtained. 


Hottse-to-Honse  Inspection  for  Leaks, 
The  second  system,  that  of  house  to  house  inspection  requires,  in  order 
to  be  at  all  effective,  that  there  be  a  curb  stop-cock,  and  these  do  not  exist 
in  Manhattan  to  any  noteworthy  extent.  The  method  of  house-to-house 
inspection  which  causes  least  annoyance  to  the  householder  and  least 
expense  to  the  city  for  inspectors  and  detects  the  most  leakage,  is  substan- 
tially as  follows: 

I  St.  A  night  inspection  is  made,  mainly  between  midnight  and  four  a.  m.,  by  an  inspector 
going  from  house  to  nouse  armed  with  a  long  key  or  wrench  for  turning  the  curb  stop-cock.  The 
upper  end  of  this  wrench  may  have  a  **waterphone  **  attached,  consisting  of  a  small  resonant 
chamber  and  a  cup  to  fit  against  the  ear,  or  the  end  may  be  simply  flattened  and  the  ear  held 
against  it,  or  the  inspector  will  soon  become  expert  in  hearing  the  noise  transmitted  through  the 
key  by  simply  placing  the  ordinary  end  of  the  key  in  the  ear. 

By  listening  with  the  key  on  the  cock  any  large  flow  of  water  is  made  manifest  by  the  sizzling 
noise  transmitted  ;  and  if  no  noise  is  heard  the  cock  is  partly  closed,  or  for  still  smaller  leaks  entirely 
closed  for  a  moment  and  then  opened  slowly.  If  no  noise  of  leakage  is  heard  it  is  assumed  that  the 
house  plumbing  is  free  of  leakage  and  the  householder  saved  the  annoyance  of  an  inspection  of  fix- 
tures the  next  day.  On  the  other  hand  if  leakage  is  heard  a  record  is  made  for  the  aay  inspector. 
The  time  taken  at  each  house  by  this  night  inspection  is  not  long,  and  a  fair  idea  is  obtained  as  to 
the  houses  in  which  there  is  leakage,  although  not  much  idea  can  be  had  of  its  magnitude. 

The  day  inspector  goes  to  every  fixture  in  the  suspected  houses  searching  for  leaky  fixtures  or 
leaky  pipes,  and  notice  is  served  requesting  prompt  repair. 

The  Church  waste-detector  stop-cock,  devised  by  the  former  Chief 
Engineer  of  the  Croton  Aqueduct,  and  introduced  to  a  limited  extent  in  New 
York  some  years  ago,  was  merely  a  curb  stop-cock  adapted  to  give  a  closer 
estimate  of  waste  than  that  obtained  by  placing  the  ear  against  the  ordinary 
pipe-wrench,  and  was  merely  an  instrument  for  use  in  this  method  of  house 
to  house  inspection. 

The  Deacon  System  of  Water  Waste  Detection. 
This  was  introduced  by  Mr.  George  F.  Deacon,  Chief  Engineer  of 
Water  Works  in  Liverpool,  England,  about  twenty-five  years  ago,  and 
extensively  used  in  parts  of  Boston,  Mass.,  for  more  than  fifteen  years.  The 
methods  and  the  results  of  its  use  in  Boston  are  described  in  a  paper  by 
Dexter  Brackett,  C.  E.,  before  the  Boston  Society  of  Civil  Engineers,  May 
17,  1882,  published  in  the  "  Journal  of  Association  of  Engineering 
Societies."  The  results  are  also  stated  in  the  report  of  the  Boston  Water 
Board  for  1884.  The  method  has  been  tested  to  a  very  small  extent  in 
Philadelphia.  This  method  is  still  very  successfully  followed  in  Liverpool, 
Glasgow  and  certain  other  European  cities. 

This  Deacon  System  is  about  to  be  abandoned  in  Boston  because,  as  I  am  told,  it  has 
recently  cost  about  $100,000  per  year  to  maintain  this  service  for  190  districts,  containing  about 
^50.000  population,  and  it  is  thought  cheaper,  under  present  conditions  of  an  abundant  supply,  to 
let  whatever  waste  this  saves  go.  In  the  Boston  Deacon  Waste  Detection  Service  84  meters  were 
in  use  last  year.  The  force  engaged  in  operating  the  meters  consisted  of  48  men,  with  20  more 
men  engaged  on  the  house-to-house  inspection  branch  of  this  work,  a  total  of  68  men.  One  meter 
in  some  cases  serves  for  as  many  as  4  sections.  The  cost  of  the  meters  was  not  far  from  $250 
each  and  the  cost  of  setting  probably  not  far  from  $150,  a  total  of  $400  per  meter. 

I1ie  cost  of  operation,  of  course,  depends  largely  on  the  methods  adopted. 

The  cost  of  maintaining  mechanically  is  small. 


with  J. 
fl 


10.     DEACON    METER. 

moBt  conveniently  loci.(ed  on  1  by. pass  in  a   pit  n 
igcd  thai  the  meler  can  be  Ihrown  in  or  out  of  Ihe  ■ 


found  most  convenient  in  Boston  bad  6-inch  inlet  and  outlet  pipes. 
This  size  would  commonly  serve  for  measuring  the  flow  in  a  street  main  up  to  I 
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Fig.   11.     DEACON    METER. 

The  principle  of  operation  is  that  of  an  orifice  of  varying  size  discharging  under  a  constant 
head,  and  with  the  motion  of  the  piston  £,  which  controls  ihe  area  of  the  orihce,  and  therefore  is 
proportional  to  the  rate  of  flow  in  gallons  per  minute,  recorded  upon  a  diagram  carried  by  a 
cylinder  revolved  by  clockwork. 

The  water  enters  at  A,  B,  C,  forces  down  the  piston  E,  which  is  counterbalanced  by  the 
Weight  G  suspended  by  the  wire  F,  carrying  the  pencil  K  and  passing  over  the  pulley  J.  The 
taper  of  the  brass  hollow  cone  C,  D,  graduates  the  area  in  proportion  to  the  travel  of  the  pistons. 
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The  following  brief  description  in  connection  with  Figures  lo  and  ii  will  make  the  method 
plain  : 

The  system  of  distributing  pipes  is  subdivided  into  a  large  number  of  districts,  each  very 
much  smaller  than  the  limits  of  the  smallest  New  York  City  ward.  These  subdivisions  in  the 
Charlestown  District  of  Boston  averaged  about  i,ooo  feet  square. 

During  the  test  the  district  under  examination  is  fed  through  only  the  one  connection  on 
which  the  Deacon  meter  is  attached,  so  that  every  gallon  of  water  going  into  the  district  is 
metered  by  a  meter  which,  unlike  the  ordinary  water  meter,  does  not  record  the  total  number  of 
gallons  that  goes  through,  but  instead,  records  by  a  line  on  a  strip  of  paper,  the  rate  of  fiaw 
at  every  moment,  day  and  night.  Then,  by  studying  the  relation  of  the  draft  of  water  in  gallons 
per  minute  after  midnight  and  until  4  o'clock  a.m.,  when  domestic  and  factory  use  should  be 
almost  nothing,  to  the  draft  in  the  hours  of  daylight  and  activity,  an  opinion  may  be  formed  as 
to  the  proportion  and  amount  of  the  whole  draft  that  is  wasted.  Next,  an  effort  is  made  to  locate 
this  waste  by  three  sets  of  operation. 

First — By  a  large  corps  of  inspectors  working  at  night,  going  from  house  to  house,  stopping 
at  each  tap  and  listening  with  the  ear  against  a  waterphone  or  rod  leading  to  the  sidewalk  stop-cock, 
for  the  sizzling  noise  that  accompanies  the  passage  of  water  through  the  partly  closed  cock.  If  no 
noise  is  heard  with  the  cock  wide  open,  it  is  partly  closed,  and  the  passing  of  a  very  small  quantity 
of  water  can  thus  be  heard.  The  service  pipes  where  leaks  are  found  are  closed  one  after  another, 
and  a  note  is  made  of  the  house  numbers  where  such  leaks  or  drafts  are  found,  to  be  used  by  the 
day  inspector,  who  will  examine  the  house  fixtures  and  plumbing  on  the  following  day.  Toward 
morning,  or  about  4  A.  M.,  the  night  inspector  retraces  his  steps  and  opens  the  house  service  cocks 
that  he  has  closed  earlier  in  the  night.  A  record  of  the  time  of  openmg  and  closing  each  service 
cock  is  made,  and  meanwhile  the  Deacon  meter  is  registering  on  a  strip  of  paper  the  rate  of  flow 
at  each  moment,  and  so  shows  a  change  corresponding  to  the  shutting  off  or  opening  of  any  large 
leak. 

Seconds — The  day  inspector  takes  the  night  inspector's  records  and  goes  to  each  of  the  houses 
where  the  sizzling  in  the  service  cock  had  indicated  a  leak  and  makes  an  inspection  of  each  sink 
tap  and  water  closet  fixture  and  bathroom  fixture  within  the  suspected  house,  or  explores  along 
the  entire  circuit  of  the  house-pipes,  to  determine  the  amount  of  leakage  and  enforce  a  remedy. 

Third— ^o  detect  the  leaks  in  the  service  pipes  between  the  street  main  and  the  cellar,  the 
street-crossing  water-gates  are  shut  at  night  so  as  to  shut  off  the  water  first  from  one  street  and 
then  from  another,  until  all  streets  in  the  district  are  shut  off.  The  special  recording  meter 
meanwhile  continually  registering  the  change  in  rate  of  draft.  Another  operation  for  measuring 
the  leaks  in  the  main  pipes  is  to  about  midnight  shut  off  all  the  house  service  pipes  along  a  street 
or  within  a  district,  when,  of  course,  the  flow  shown  by  the  registering  Deacon  meter  for  that 
street  can  only  be  accounted  for  by  leaks  in  main  pipes  and  service  pipes. 

In  the  climate  of  Boston  this  method  had  to  be  suspended  during  the  winter  months,  and  the 
same  would  be  true  in  New  York. 

By  this  method  the  consumption  in  Liverpool  was  greatly  reduced  and  brought  within  the 
capacity  of  the  works,  so  that  pipes  were  enabled  to  be  kept  full  twenty-four  hours  a  day  instead 
of  having  to  be  shut  off  fourteen  and  one-half  hours  out  of  the  twenty-four  to  check  consumption, 
as  was  the  case  before  the  inspections  were  introduced  ;  and  in  Boston  as  already  stated,  by  the 
use  of  about  seventy  of  these  meters,  the  consumption  in  the  city  proper  and  the  suburban  dis- 
tricts supplied  from  the  Cochituate  and  Sudbury  works  was  in  1883-4  reduced  from  91.5  to  bS 
gallons  per  inhabitant  per  day. 

This  Deacon  system  was  temporarily  abandoned  in  Boston  by  the  city 
authorities  about  1895,  mainly  perhaps  because  of  saving  the  wages  of  the 
large  corps  of  inspectors,  and  because  the  opening  of  the  new  Metropolitan 
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supply  makes  the  burden  of  waste  less  apparent,  but  was  subsequently 
resumed,  but,  as  I  am  informed,  is  about  to  be  abandoned  again  because  of 
its  cost  being  out  of  proportion  to  the  value  of  the  water  saved.  For  the  year 
1899,  with  a  Deacon  Waste  Detection  Service  costing  $100,000  for  the  year, 
Boston  averaged  using  120  gallons  per  capita,  or  a  little  more  than  New 
York.* 

I  have  been  led  to  conclude,  and  I  believe  that  any  competent  hydraulic 
engineer  who  investigates  the  matter  closely  will  conclude,  that  the  Deacon 
system  is  not  so  economical  and  so  well  adapted  to  New  York  as  the  American 
system  of  individual  meters  followed  in  Fall  River,  Providence,  Worcester, 
Woonsocket,  Poughkeepsie  and  many  other  places,  and  which  I  have 
so  strongly  recommended  for  New  York.  I  am  told  by  Mr.  Birdsall,  Chief 
Engineer,  Water  Department,  that  a  Deacon  meter  was  imported  many 
years  ago  and  given  some  trial,  but  found  inapplicable  to  New  York 
conditions. 

In  applying  the  Deacon  system  to  New  York,  the  first  difficulty  is  that 
Ndv  York's  house  service  pipes  are  nearly  all  laid  without  curb  stop-cocks,  a 
faulty  method  rarely  found  in  other  cities.  In  New  York  (Manhattan)  I 
am  told  by  Mr.  Birdsall  that  the  only  stop-cock  between  the  cast-iron  main 
and  the  cellar  is  the  "  Corporation  Cock,"  driven  as  a  hollow  plug  without 
a  screw-thread  into  the  cast-iron  main,  and  that,  contrary  to  almost  universal 
custom  in  other  cities,  the  New  York  house-owner,  at  his  own  expense  and 
by  his  own  plumber,  puts  in  the  service  pipe.  The  corporation  cock  is 
buried  and  wholly  inaccessible  (except  by  tearing  up  the  paving  and  digging 
down,  which,  of  course,  is  inadmissible),  and  thus  the  primary  inspection  of 
the  Deacon  system  is  impossible  in  Manhattan,  if  not  throughout  New  York. 

The  second  difficulty  in  using  the  Deacon  system  in  New  York  is  the 
great  difficulty  of  securing  the  large  number  of  competent  night  inspectors 
and  competent  supervisors,  for  the  method  involves  much  clear-headed 
reasoning  and  exactness  of  manipulation  to  quickly  locate  small  leaks.  In 
house-to-house  inspection,  I  am  told  by  superintendents  who  have  tried  it, 
that  it  takes  six  months  to  educate  a  new  inspector,  such  as  ordinary  pay 
attracts,  into  becoming  at  all  expert  in  quickly  discovering  small  leaks. 

The  third  difficulty  is  that  the  average  citizen  would  not  take  kindly  to 
the  frequent  and  continual  intrusion  into  the  privacy  of  his  home  of  unknown 
and  it  may  be  irresponsible  inspectors,  free  to  range  from  cellar  to  attic, 
hunting  for  leaky  fixtures. 


*  At  the  same  rate  of  cost  per  capita  the  Deacon  Meter  Service  for  New  York  and  Brooklyn 
would  cost  nearly  a  million  dollars  a  year.  The  management  is  probably  as  likely  to  become 
extravagant  and  inefficient  in  New  York  as  in  Boston. 


82 


House  to  House  Inspection  in  St,  Louis. 

I  haye  elsewhere  in  this  report  noted  St.  Louis  as  the  one  large  American  city  where  the  per 
capita  consumption  is  slightly  smaller  than  in  New  York,  being  in  1898  about  88  gallons  per 
capita.  I  have  not  had  time  to  examine  into  and  analyze  the  causes  which  make  it  so,  but  from 
such  little  personal  knowledge  as  I  have  of  the  conditions  and  of  the  men  in  charge,  am  inclined 
to  view  it  as  in  part  at  least  the  result  of  good  supervision,  but  in  part  perhaps  to  the  different 
conditions  of  supplying  some  of  the  cheaper  houses  from  a  **  hydrant  "  in  the  yard,  and  possibly 
to  some  different  basis  of  counting  population  supplied. 

A  very  instructive  paper  describing  the  "house  to  house  inspection  to  prevent  wasie  "  as 
practiced  in  St.  Louis  in  1884,  read  before  the  Engineers'  Club  of  that  city,  by  Mr.  M.  L.  Holman, 
is  to  be  found  in  Journal  of  the  Association  of  Engineering  Societies,  August  1885,  page  368. 

In  January,  1884,  the  waste  through  leaving  faucets  open  to  prevent  freezing  became  so  large 
that  the  distributing  reservoir  was  emptied  and  the  pumps  could  not  supply  the  demand.  Heroic 
treatment  became  imperative,  and  a  water  waste  detective  service  with  40  inspectors  was  promptly 
organized,  and  search  for  leaks  carried  on  with  great  vigor  for  a  few  months.  Briefly,  the 
method  of  search  for  night  waste  was  to  place  a  long  valve  key  firmly  on  the  curb-stop  (curb-stops 
are  missing  in  Manhattan),  place  the  ear  against  the  flattened  top  of  the  key,  partly  close  the  cock 
and  listen  for  the  sizzling  sound  which  accompanies  flow  through  a  partially  closed  cock.  By 
day  the  house  plumbing  was  also  inspected,  accompanied  by  the  use  of  the  curb-stop  key  as  a 
•*  waterphone." 

As  a  sample  Mr.  Holman  gives  inspections  of  one  night,  January  31,  1884.  Of  about  lOO 
houses  inspected  66  per  cent,  were  all  right,  34  per  cent,  were  wasting  water. 

The  day  gang  following  up  the  night  gang  by  insi>ecting  the  plumbing  found  that  of  the 
34  per  cent,  of  houses  having  night  waste  13  per  cent,  of  entire  number  had  plumbing  all  right, 
21  per  cent,  of  entire  number  had  plumbing  in  bad  order. 

To  give  an  idea  of  the  permanence  of  **  reform,*'  Mr.  Holman  carefully  re-inspected  a 
district  which  had  previously  been  twice  gone  over  and  the  water  shut  off  from  those  who  had 
not  promptly  complied  with  the  order  to  reduce  waste.  Nevertheless,  the  re-inspection  showed 
that  a^ut  kalf  of  the  houses  in  the  district  were  again  wasting  water.  The  temporary  saving  during 
this  period  of  freezing  weather  was  apparently  not  far  from  12  gallons  per  inhabitant  per  day. 

Mr.  Holman  reports  that  althougn  this  work  was  carried  on  for  only  2  months,  it  became 
very  burdensome  to  householders,  and  gives  as  his  opinion  that  the  great  saving  made  at  first  by 
this  method  is  not  permanent. 

Mr.  Thomas  J.  Whitman,  C.  E.,  the  experienced  water  commissioner  of  St.  Louis,  also 
reports  that  he  doubted  the  permanent  value  of  this  system  of  night  and  day,  house  to  house 
inspection. 

Waste  Inspection  in  Cincinnati. 

Cincinnati  is  another  city  whose  experience  in  waste  prevention  without  the  use  of  complete 
metering  is  instructive. 

Between  November,  1881,  and  July,  1882,  the  systematic  search  for  waste  by  means  of  the 
"  waterphone,"  an  instrument  which  in  its  best  and  simplest  form  may  be  in  general  described  as 
a  long  wrench  for  turning  the  curb  stop-cock,  having  a  suitable  extension  at  the  top  against 
which  the  ear  can  be  placed.  From  page  29  of  Mr.  H.  C.  Meyers'  compilation  of  data  on  waste 
water  prevention,  it  appears  that  the  consumption  was  cut  down  to  about  17  gallons  per  capita  less 
in  1882  than  in  188 1.  It  was  concluded,  after  allowing  for  some  increase  in  legitimate  con- 
sumption, that  the  reduction  in  waste  amounted  to  about  21  gallons  per  capita. 

Again,  as  showing  the  lack  of  permanent  improvement  in  saving  waste  by  house  to  house 
inspection  after  the  new  broom  has  ceased  to  sweep  clean,  it  is  of  interest  to  examine  the  curve 
of  consumption  for  Cincinnati  on  Diagram  No.  4,  and  to  note  how,  after  sharply  dropping  20 
gallons  per  inhabitant  per  day  from  188 1  to  1884,  it  steadily  and  rapidly  rose  to  135  gallons  per 
inhabitant  per  day  in  1895  and  was  thenceforth  held  down  by  lack  of  pumping  engines. 

It  is  also  of  interest  to  note  that  the  experienced  engineers  who  reported  upon  an  increased 
supply  for  Cincinnati  in  1896,  base  their  estimates  for  extensions  upon  a  consumption  of  130 
gallons  per  capita  per  day,  and  state,  page  5  : 

'*  A  careful  consideration  of  the  question  of  per  capita  daily  consumption  indicates  that  with 
the  general  introduction  of  meters  into  the  city  during  the  coming  40  years,  the  average  daily 
per  capita  rate  should  not  exceed  130  gallons." 
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What  Quantity  is  Needed  for  P'uture  Supply. 

The  quantity  of  water  needed  in  the  future  depends  largely  upon  the 
measures  taken  to  prevent  waste.  I  am  assured  by  various  gentlemen 
familiar  with  public  opinion  and  the  course  of  public  matters  in  New  York 
City,  that  the  attachment  of  a  meter  on  every  service  pipe  is  contrary  to  the 
general  desire,  and  therefore  impossible  of  attainment.  Without  this 
universal  metering  no  successful  method  of  permanently  stopping  more  than 
a  fourth  part  of  the  probable  leakage  appears.  To  find  the  proverbial 
needle  in  the  haystack  is  just  about  as  easy  as  to  find  the  leaks  in  Manhat- 
tan's eight  hundred  miles  of  mains  and  its  six  hundred  miles,  more  or  less, 
of  service  pipes,  without  some  separation  like  that  suggested  on  page  68. 

Without  a  meter  on  nearly  every  tap,  in  my  judgment,  the  only  safe 
course  is  to  provide  in  New  York  for  a  consumption  of  about  1 50  gallons  per 
inhabitant  per  day,  and  to  expect  the  amount  to  increase  from  year  to  year 
until,  say,  twenty-five  years  hence  the  consumption  would  reach  200  gallons 
per  inhabitant,  notwithstanding  that  factories,  stores  and  business  houses 
are  all  metered  and  that  as  great  diligence  as  is  found  in  the  average  Ameri- 
can city  is  used  in  trying  to  discover  leaks  and  prevent  waste.  With  the 
increasing  use  of  electricity  for  railways  and  other  purposes,  electrolysis  of 
pipes  is  almost  certain  to  increase  the  waste  unless  the  matter  is  very  care- 
fully watched. 

In  providing  for  the  health,  comfort  and  business  prosperity  and  the 
convenience  of  the  community,  we  must  be  governed  by  the  practical  con- 
dition of  what  the  public  will  do,  and  not  by  our  theory  of  what  they  ought 
to  do.  We  must  provide  water  enough  so  that  under  existing  conditions,  with 
things  and  men  as  we  arc  to  find  them,  no  man  shall  suffer  from  thirst  or  lack  of 
water  for  washing  by  reason  of  his  neighbor's  waste,  and  we  must  deprive 
no  steam  boiler  of  its  water  simply  because  of  the  inability  to  relay  some 
hundreds  of  miles  of  leaky  ser\'ice  pipes  and  leaky  mains. 

Even  with  an  active  start  toward  complete  meters,  looking  at  it  from 
the  practical  rather  than  the  ideal  side,  I  see  no  hope  whatever  of  avoiding 
or  of  deferring  a  large  new  supply.  The  present  conditions  demand  it  with 
all  possible  promptness. 

If  the  Ten  Mile  and  the  Housatonic  can  be  obtained,  the  water  must  be 
taken  nearly  all  at  once;  and  then  it  would  be  real  economy  to  defer  com- 
plete meters  for  perhaps  10  or  15  years.  But  I  believe  that  ultimately  com- 
plete metering  must  surely  come. 
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Quantity  per  Inhabitant  that  Should  be  Provided  for  in  Future. 

While  it  is  probable  that  with  a  meter  on  every  tap,  and  with  ideal 
management  after  a  thorough  investigation  and  remedy  for  leaks  in  servnce 
pipes  and  mains,  and  a  thorough  reorganization  of  methods,  the  consump- 
tion of  all  boroughs  of  Greater  New  York  could  be  brought  down  to  some- 
where between  50  and  75  gallons  per  inhabitant  per  day,  and  meanwhile 
afford  a  full  and  generous  supply  to  every  householder,  to  all  manufacturers 
and  to  all  commercial  interests,  I  do  not  think  it  probable  under  the  con- 
ditions which  exist  in  New  York  and  the  other  large  American  cities,  that  by 
the  most  strenuous  efforts  in  locating  and  repairing  leaky  mains  and  by  the 
attempted  application  of  meters  to  every  service  pipe,  the  consumption  can 
be  brought  below  100  gallons  per  inhabitant  per  day  and  held  there,  and 
believe  it  more  likely  to  be  125  gallons  per  day  ten  years  hence,  however 
much  the  question  of  waste  prevention  be  agitated  now.  It  will  endanger 
the  public  safety  to  be  too  hopeful  about  the  prevention  of  waste  and  there- 
fore defer  the  construction  of  new  works. 

The  total  cost  of  water  for  domestic  purposes  to  each  head  of  a  family 
in  New  York  is  now  only  $1  per  inhabitant  per  year,  or  considerably  less 
than  $10  per  household.  The  average  American  citizen  in  New  York  or 
elsewhere,  ignorant  or  distrustful  of  the  fact  that  a  meter -in  the  cellar  causes 
him  no  trouble,  and  that  it,  together  with  a  well-organized  administration, 
would  save  him  a  part  of  his  water  bill  without  even  a  thought  of  curtailing 
the  most  lavish  use,  appears  well  satisfied  to  pay  $10  where  he  might  pay  $5, 
or  to  let  the  city  spend  another  twenty-five  millions  or  more  within  the  next 
five  years,  instead  of  deferring  this  expenditure  fifteen  or  twenty  years,  and 
meanwhile  he  contents  himself  with  growling  a  little  when  the  pressure  falls 
off  one  or  two  stories  because  of  overloading  the  pipes  or  overloading  the 
pumps  to  supply  waste. 

Outlook  for  Preventing  Waste  Less  Hopeful  in  the  Large  Cities. 

In  some  of  the  smaller  cities,  public  interest  has  become  quickened  in 
these  matters,  but  not  in  any  of  the  large  cities,  as  will  be  clearly  seen  by 
inspecting  Diagram  No.  4  and  the  following  table,  or  Diagram  No.  9.  Fall 
River,  Providence,  Worcester,  Woonsocket  and  some  other  smaller  places 
were  very  largely  metered  from  the  start,  and  the  public  is  ver\'  well  satis- 
fied with  the  method.  The  actual  consumption  in  various  completely 
metered  cities  of  size  large  enough  to  be  fairly  comparable  in  water  use  with 
the  metropolis  is  given  on  page  47. 
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Turning  to  the  larger  cities  where  conditions  of  administration  are  more 
difficult,  among  the  many  examples  of  Table  No.  i  and  Diagrams  Nos.  4 
and  9,  we  find,  in  the  case  of  Boston,  that  notwithstanding  it  had  estab- 
lished eighteen  years  ago  the  most  elaborate  inspection  and  water  waste 
detection  service  that  has  ever  yet  been  introduced  into  an  American  city 
(other  than  the  system  of  complete  metering  established  in  Fall  River,  Provi- 
dence and  Worcester),  and  succeeded  for  a  time  in  reducing  waste  to  the 
extent  of  about  21  gallons  per  inhabitant  per  day,  down  to  71  gallons  per 
inhabitant,  the  consumption  has  since  increased  with  relaxation  of  the 
thoroughness  of  inspection,  until  during  the  year  1899  it  averaged  nearly  120 
gallons  per  inhabitant  per  day  for  Boston  and  those  outlying  districts  for- 
merly  supplied  from  the  Cochituate  and  Sudbury  works. 

In  planning  the  Boston  Metropolitan  Supply  about  six  years  ago,  a 
very  careful  investigation  was  made  as  to  the  probable  requirement  by  Mr. 
Dexter  Brackett,  now  Engineer  of  the  Distribution  Department  of  the 
Metropolitan  Water  Board,  and  for  many  years  the  assistant  to  the  City 
Engineer,  particularly  charged  with  matters  relating  to  the  water  supply, 
and  who  probably  has  a  richer  fund  of  experience  in  water  waste  prevention 
to  draw  upon  than  any  other  man  in  the  United  States. 

He  estimated  as  a  suitable  allowance  for  the  Boston  Metropolitan  Dis-- 
trict  for  the  next  thirty  years : 

For  domestic  use 35  gallons  per  capita. 

For  trade  and  mechanical  purposes 35        "          "  " 

Public  use 5        "          "  " 

Waste 25        "          "  " 

Total 100       "         "        " 


During  the  year  just  closed  the  use  has  averaged  1 10  gallons  for  the  entire 
district  supplied,  including  much  suburban  territory,  due  without  doubt 
mainly  to  lack  of  restriction  of  waste. 

In  Philadelphia  the  Commission  of  eminent  engineers,  Mr.  Rudolph 
Hering,  Mr.  Joseph  M.  Wilson  and  Mr.  Samuel  M.  Gray,  appointed  by 
Mayor  Ashbridge  in  1899  to  investigate  the  improvement  of  the  water  sup- 
ply, after  an  earnest  recommendation  for  meters,  based  their  estimates  upon  a 
daily  requiretnent  of  150  gallons  per  inhabitant  per  day. 
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The  present  consumption  in  Philadelphia  was  estimated  by  them  at 
about  169  gallons  per  inhabitant  per  day,  of  which  it  is  well  understood  that 
a  very  large  proportion  is  waste. 

In  Cincinnati  three  other  engineers  of  large  experience  in  water 
supply,  Mr.  John  W.  Hill,  Mr.  George  H.  Benzenberg  and  Mr.  Samuel 
Whinery  made  a  careful  investigation  for  the  extension  and  betterment  of 
the  City  Water  Works  in  March,  1896,  and  after  carefully  considering  the 
conditions  in  Cincinnati  and  in  other  large  representative  cities,  and  assum- 
ing that  a  more  earnest  effort  to  prevait  unnecessary  waste  zvould  be  adopted  by 
that  city,  based  their  estimate  of  requirement  upon  an  average  consumption 
oi  130  gallons  per  inhabitant  per  day. 

Considering  these  matters,  and  giving  particular  attention  to  the  fact 
so  clearly  brought  but  by  Diagram  No.  2,  that  with  the  increasing  number 
of  fixtures  in  houses,  the  legitimate  use  and  also  the  waste  are  steadily  in- 
creasing, I  do  not  believe  it  safe  or  prudent  to  base  our  estimate  of  future 
needs  for  Greater  New  York  on  less  than  following  average  consumption 
per  inhabitant  per  day: 


With  the  greatest  effort  to  restrict  waste  that  public  sentiment  will  probably  demand  or 
support. 


In  1905. 
In  1910 
In  1915 
In  1920, 
In  1925 
In  1930 


125  gallons. 
130 

135 

140 

145 
150 


With  Matters 

Continued  as  at 

Present. 


140 

170 
180 
190 
200 


It  is  dangerous  to  be  too  hopeful  about  prez'Cfiting  a  large  part  of  the  waste, 
for  with  those  hopes  unfulfilled  and  reservoirs  emptied  disaster  would  be  beyond 
remedy. 
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Table 

Future  Water  Supply 

In  the  table  below— The  ideal  conditions  suppose  a  meter  on  every  tap,  a  curb  stop- 
cock on  every  service  pipe,  thorough  search  for  leaks  as  described  in  report,  page  68,  by  means  of 
a  block  system  of  Venturi  and  Deacon  meters  ;  a  thorough  overhauling  and  relaying  of  old  and 
leaky  mains ;  relaying  old  and  leaky  service  pipes ;  organized  waste  inspection  and  prompt 
repairs  and  best  of  management.  The  whole  being  a  reasonaole,  economical,  practicable  engineering 
proposition,  if  public  sentiment  would  demand  and  mamtain  it. 


Ybar. 


Manhattan  and  Bronx. 
Probable  population 

Gallons  per  inhabitant  per  day 

Million  gallons  required  daily 

Safe  dry  year  yield  of  Croton,  Bronx  and  i 
Byram  rirers 1 

Addttlon  needed  tor  M«nlft«t"  I 
t«it  And  Bronx f 

Brooklyn  and  Qubbns. 
Probable  population f 

Gallons  per  inhabitant  per  day  (after  | 
amply  supplied.  Assumed  at  6o%  of  i 
Manhattan  s  consumption  per  inhab-  f 
itant) J 

M  illion  grallons  required  daily 

Safe  yield,  present  sources  owned  by  the  1 
city,  after  a  series  of  dry  years  (perv 
estimate  of  I.  M.  de  Varona) ) 

Addition  needed  for  Brooklyn) 
«nd  Q,ueens f 

Addition  possible  by  extension  from  Mas-  j 
sepequa  to  Connecticut  river,  Longj 
Island  (per  estimate  of  I.  M.  de  Varona) ) 

Additional  supply  for  Brooklyn  that  musti 
come  from  mainland,  provided  loo  mill-  1 
ion  gallons  per  day  can  be  taken  from  [ 
Suffolk  County J 

Richmond. 
Probable  population 

Gallons  per  inhabitant  commonly  re-) 
quired  by  communities  under  similar  ^ 
conditions,  say ) 

Million  gallons  required  daily 

Safe  capacity  of  present  sources.  (This  1 
is  doubtful  afier  island  becomes  thickly  \ 
settled) ) 

Additional    supply     probably     needed.  I 
rWitb  all    villages  properly  supplied. 
Uncertainty     about     permanence     of  }■ 
present  supply  makes  this  line  of  quanti-  | 
ties  uncertain),  say J 

Tot«l  addition*!  snpply^) 
needed  fbr  «ll  Boronsha i 

Amount  needed  from  the  nortn  provided  j 
xco  million  gallons  are  allowed  to  be> 
taken  from  Suffolk  County ) 


1900. 


Ideal 
condi- 
tions. 


Best 

results 
proba- 
bly 
attam- 
able. 


Undeii 
pres- 
ent 
condi- 
tions. 


a,o8o,ooo 


•  •  • 

1 

125 

•  •  • 

«65 

•  •  • 

S65 

•  •  • 

•  •  • 

195 

365 
365 


1905. 


Ideal 
condi- 
tions. 


Best 
results 
proba- 
bly 
attain- 
able. 


Under 
pres- 
ent 
condi- 
tions. 


9,350,000 


1,353,000 


90 

X99 

"4 

8 


xoo 

135 


70,000 


60    I     80 


6? 


9 


S3 


70 
164 

990 

O 


"5 

»93 

990 

3 


140 

3*8 

290 
38 


I9IO. 


Ideal 
condi- 
tions. 


Best 
results 
proba- 
bly 
attain- 
able. 


Under 
pres- 
ent 
condi- 
tions. 


9,600,000 


i.550t<x» 


60 

90 
"4 


IOC 


TOO 
150 

«»4 
36 

100 


ZI9 

168 
«I4 

54 

100 


75,000 


50 
4 


65 
5 


85 
6 

6? 


40         94 


38 


7» 
187 
990 

O 


130 

338 
990 
48 


1,770,000 


61 

ri9 

"4 

O 

xoo 


104 

187 

"4 
73 

zoo 


90.COO 


5a 

5 


70 

6 


15s 

403 
990 
113 


X94 

•93 

109 

too 


90 
8 

6? 


143 


48 


)1)15 


"5 


Quantities  of  water  above  are  stated  in  million  gallons  per  94  hours. 
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No.     5. 

Required  for  Nbw  York  City. 

The  best   results   probably   attainable    assume  meters  on  half  or  two-thisds  .0 
the  taps  and  a  moderate  effort  at  finding  and  stopping  the  thousands  of  leaks  in  street  mains  and 
service  pipes,  and  inspection  of  house  plumbing^,  say,  once  a  year,  and  systematic  testing  of  meters. 

Under  present  conditions  assume  domestic  services  mostly  without  meters,  factories 
and  commercial  uses  all  metered,  meters  owned  by  consumer  not  periodially  inspected,  curb  stop- 
cocks few,  public  buildings  not  metered,  conditions  of  inspection  and  remedy  for  leaks  averaging 
just  the  same  as  in  the  average  lai^e  American  city. 


I9I5.           1 

1920.                    1 

1925.                    j 

1930. 

Ideal 
condi- 
tions. 

Best 

results 
probably 
attaina- 
ble. 

Under 
present 
condi- 
tions. 

Ideal 
condi- 
tions. 

Best 
results 
probably 
attaina- 
ble. 

Under 
present 
condi- 
tions. 

Ideal 
condi- 
tions. 

Best 
results 
probably 
attaina- 
ble. 

Under 
present 
condi- 
tions. 

Ideal 
condi- 
tions. 

Best 
results 
proba- 
bly 
attaina- 
ble. 

Under 
pres- 
ent 
condi- 
tions. 

3,900,000 

3,aoo.ooo 

3,500,000 

3,800,000 

74 
9x4 
390 

0 

«35 

393 

390 

103 

170 

493 

390 

SOS 

76 

•43 
390 

0 

«40 

448 

990 

158 

zBo 

576 
990 

S86 

78 
973 
990 

0 

145 
508 

990 
S18 

190 

665 

990 

375 

80 

304 
990 
14 

Z50 

570 

990 

S80 

900 

760 

990 

470 

2,000,000 

8,900.000 

9.430.000 

9,600,000 

64 

xs8 

«i4 
14 

100 

0 

xo3 

S16 

X14 

104 

zoo 

4 

136 

•79 

««4 

158 

xoo 

58 

66 

X45 
1X4 

31 

xoo 

0 

ZI9 

946 

x»4 
13S 

zoo 

35* 

'44 

317 
«M 

S03 

XOO 
lOJ 

68 

163 
1x4 

40 

xoo 

0 

xx6 

978 

"4 

164 

zoo 

64 

X59 

365 
XX4 

S51 

100 

I5« 

70 

Z82 
"4 
68 

zoo 
0 

zao 

319 

««4 
198 

zoo 

98 

x6* 

4x6 

»«4 

SOS 

xoo 

909 

1 10,000 

130,000 

150,000 

Z75,coo 

54 
6 

•  •  • 

6t 

80 
9 

•  «  ■ 

9 

xoo 
zx 

•  •  ■ 

zx? 

56 

7 

•  •  • 

9? 

90 

12 

•   •    • 

X9 

zoo 
f4 

•   •   9 

14  T 

58 

9 

•  •  ■ 

4? 

zoo 
X5 

•   •  • 

«5 

X90 

z8 

•  •  • 

x8? 

60 
zo 

•  ■  • 

5t 

zxo 
»9 

«  •  • 

»9 

130 
93 

•   •   • 

93? 

SO 

6 

S16 

116 

37S 

97a 

33 

0 

SOS 

ao9 

503 

403 

53 

4 

397 

»97 

644 

544 

87 

«9 

,  497 

397 

795 

695 
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From  the  foregoing  table  it  is  plain  that  the  providing  of  a  new  source 
of  supply  that  can  be  so  developed  ultimately  as  to  safely  supply  at  least  500 
million  gallons  per  day  should  at  once  be  undertaken. 

It  would  be  inexcusable  to  rely  on  the  application  of  domestic  meters  as 
a  means  of  preventing  waste  while  public  sentiment  is  against  domestic 
meters^  and  inexcusable  to  invite  a  water  famine  five  years  hence  while  dis- 
cussing what  ought  to  be  done  to  educate  the  public  to  greater  economy  in 
the  use  of  water. 

We  must  be  governed  by  the  probabilities  of  the  case,  and  it  is  not 
probable  that  New  York  will  lead  all  the  large  cities  in  this  country  much 
farther  tlian  at  present  in  restricting  waste,  and,  therefore,  not  safe  to  pro- 
vide less  water  per  inhabitant  than  is  found  to  be  demanded  in  all  the  large 
American  cities,  or  than  eminent  engineers  have  recently  recommended  for 
Philadelphia,  Cincinnati,  Boston  and  other  large  cities. 

Water  procured  by  any  of  these  large  projects  is  wonderfully  cheap  to 
the  individual  (only  a  dollar  a  head  a  year  in  New  York  to-day  for  all  domes- 
tic rates),  and  progress  in  restricting  waste  has  proved  slow. 

-It  is  my  opinion  that  the  only  safe  way  of  avoiding  danger  and  suifer- 
ing  is  to  provide  water  on  the  expectation  that  the  consumption  will  con- 
tinue in  New  York  in  the  future  much  as  heretofore  and  much  the  same  as 
in  the  average  large  American  city. 

Therefore,  I  would  respectfully  recommend  that  the  column  in  Table 
No.  5  headed  "  under  present  conditions  "  be  the  one  used  as  the  basis  for 
the  additional  supply.  Ten  or  fifteen  or  twenty  years  hence  I  trust  that  the 
public  in  all  our  large  cities  will  favor  complete  metering  as  a  prelude  to 
filtration  in  many  of  these  cities. 

The  entire  interest  and  maintenance  charges  for  the  entire  Housatonic 
project,  built  in  its  full  magnitude  at  once  and  yielding  800  million  gallons 
per  day,  would  cost  less  than  half  the  annual  charge  proposed  by  the  Ram- 
apo  Company  for  200  million  gallons  per  day. 

The  entire  interest  and  maintenance  charges  for  the  entire  Housatonic 
project,  built  in  its  full  magnitude,  would  cost  only  70  cents  per  capita  per 
year  for  the  population  supplied;  and  this  entire  annual  cost  could  be  met 
out  of  the  present  surplus  revenues  of  the  Water  Department. 

The  following  diagram,  Fig.  14,  gives  in  graphical  form  the  results  of 
Table  No.  5  and  shows  that  if  matters  go  on  in  the  future  as  in  the  past,  an 
additional  supply  of  500  million  gallons  per  day  would  be  exhausted  twenty 
years  hence,  while  if  meters  can  by  that  time  be  applied  to  most  domestic 
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services  and  a  moderate  effort  be  made  at  finding  and  stopping  the  thousands 
of  leaks  in  street  mains  and  service  pipes,  this  additional  supply  of  500  million 
gallons  for  all  boroughs  combined,  would  last  thirty  years.  From  this  dia- 
gram we  see  further  that  under  the  natural  growth  of  the  city  and  with  use 
and  waste  increasing  from  year  to  year  at  the  same  rate  as  heretofore,  a 
supply  of  about  800  million  gallons  per  day  would  be  exhausted  thirty  years 
hence. 

We  can  hope  and  confidently  expect  that  at  some  future  time  public 
opinion  in  our  large  American  cities  will  have  become  quickened  and  domes- 
tic meters  become  popular  and  street  waste  be  strenuously  looked  after,  and 
that  in  this  way  the  city  of  twenty-five  or.  thirty  years  hence,  if  it  continues 
to  grow  at  the  same  rate,  can  obtain  its  additional  water  for  use  out  of  a  re- 
striction of  waste,  and  can  provide  filtration  out  of  the  savlngr  In  expense 
for  water  wasted. 

This  diagram  indicates  that  if  the  prohibition  against  Brooklyn  coming 
east  into  Suffolk  County  remains  in  force  and  conditions  of  use  and  waste  in 
all  the  boroughs  remain  about  as  at  present,  a  supply  of  200  million  gallons 
as  proposed  by  the  Ramapo  Company  would  be  exhausted  within  ten  years, 
and  the  150  million  gallons  which  the  Ten  Mile  can  furnish  from  a  large  res- 
ervoir with  dam  at  Webatuck,  would  be  exhausted  in  less  than  eight  years. 

The  Ten  Mile  River  and  Upper  Housatonic  combined  would  probably 
meet  all  demands  of  waste  and  use,  with  the  natural  growth  of  the  city  and 
with  present  conditions  continued  for  nearly  thirty  years,  and  with  the  edu- 
cation of  the  public  in  methods  of  waste  restriction  which  we  may  hope  will 
have  by  that  time  been  attained,  this  supply  will  serve  abundantly  for  a 
period  longer  than  we  can  now  foresee. 
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No.  14 

DIAGRAM  OF  PROBABLE  RATE  OF  INCREASE 

in  Demand  for  additional  Water  in 

Greater  New  York -All  Boroughs 
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Magnitude  of  New  Supply  Recommended. 

From  a  study  of  the  foregoing  tables  and  diagrams  I  am  led  to  believe 
that  nothing  less  than  a  total  of  500  million  gallons  per  day  should  be  con- 
sidered. A  supply  of  150  to  200  million  gallons,  if  it  has  to  serve  for  all  the 
boroughs,  because  of  the  prohibition  against  going  into  Suffolk  County, 
would  be  exhausted  inside  of  eight  or  ten  years  with  present  conditions  con- 
tinued, or  would  be  exhausted  within  twelve  or  fifteen  years  if  a  meter  was 
applied  to  every  domestic  tap  and  as  much  as  can  be  reasonably  expected 
done  on  replacing  leaky  service  pipes. 

I  am  led  to  recommend  that  the  investigations  take  a  much  broader 
scope,  looking  farther  into  the  future  than  ten  or  fifteen  years,  and  thus 
establish  a  progressive  line  of  development  and  extension  for  New  York's 
water  supply  for  a  longer  future,  much  as  was  done  for  Boston  under  the 
direction  of  the  far-sighted  Massachusetts  State  Board  of  Health,  whose 
plans  for  ultimate  development  reach  out  beyond  the  Nashua  Works  now 
under  construction,  to  the  Ware  river,  the  Swift  river,  and  even  to  the 
Deeriield,  and  are  so  clearly  outlined  that  the  development  can  come  step  by 
step  and  in  the  end  be  a  harmonious  and  economical  system. 

There  are  all  the  zvater  sources  nozv  on  the  map  that  there  ever  will  be  and 
so  long  as  population  grows  and  civilization  progresses,  the  legitimate  needs  for 
water  must  increase,  and  economy  will  surely  he  gained  by  studying  out  at  the 
present  time  the  best  lines  for  extension. 
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THIRJD  QVEBTioN.-YikTER  PRESSURE— FIRE  PROTECTION. 

The  writer,  as  engineer  to  an  association  of  large  insurance  companies, 
has  devoted  much  time  for  14  years  past  to  a  study  of  fire  protection,  and  has 
had  occasion  to  investigate  the  progress  and  the  checking  of  a  good  many 
bad  fires,  and  has  had  occasion  to  study  somewhat  broadly  the  comparative 
efficiency  of  the  water  pressure  found  in  various  cities,  and  has  been  led  to 
believe  that  a  hydrant  pressure  of  at  least  80  pounds  per  square  inch  is  to 
be  very  strongly  preferred  over  a  smaller  pressure,  and  that  100  pounds  per 
square  inch  is  probably  better,  with  the  modem  tendency  to  higher  buildings 
and  with  the  constantly  increasing  use  of  automatic  sprinklers  in  manufac- 
turing and  commercial  buildings. 

It  appears  feasible  to  obtain  this  pressure  throughout  substantially  the 
whole  of  New  York  from  a  gravity  supply;  and  if  the  legal  authority  can  be 
obtained  to  deliver  800  million  gallons  per  day  from  the  Housatonic,  Ten 
Mile  and  East  Branch  sources,  with  an  elevation  of  300  feet  above  the  sea 
at  the  city  limits,  this  can  be  delivered  at  this  elevation  and  pressure  at  a  cost 
not  substantially  greater  than  if  delivered  at  a  lower  level. 

This  would  do  away  with  all  necessity  for  high  service  pumping  (which 
now  costs  the  city  in  Manhattan  alone  about  $70,000  per  year  for  coal  and 
wages,  apart  from  all  interest,  fixed  charges  and  depreciation);  would  ulti- 
mately save  largely  in  insurance  cost  (for  in  the  long  run  rates  are  always 
adjusted  in  proportion  to  the  actual  fire  loss  and  to  the  efficiency  of  the  fire 
protection);  and  presents  such  manifold  advantages  that  I  most  earnestly 
recommend  that  all  new  work  have  the  utilization  of  such  a  pressure  in 
nearly  all  parts  of  the  city,  say,  20  years  hence,  continually  in  view,  and 
within  5  years  in  certain  elevated  or  extra  hazardous  districts.  While  I  am 
well  convinced  that  a  salt  water  fire  pipe  system  for  the  congested  commer- 
cial district  would  be  an  excellent  safeguard,  and  that  its  cost  is  remarkably 
small  in  proportion  to  the  value  of  the  protection  it  affords,  I  venture  to 
suggest  that  final  action  on  a  salt  water  pipe  system  be  deferred  until  it  is 
known  with  certainty  what  is  to  be  done  about  securing  a  gravity  supply 
under  a  pressure  corresponding  to  an  elevation  of  300  feet  above  sea  level 
at  the  city  limits  and  until  the  policy  with  regard  to  a  high  pressure  distribut- 
ing reservoir  at  Park  Hill  is  clearly  defined.  This  need  not  delay  final 
action  on  the  salt  water  system  longer  than  until  next  summer,  and  mean- 
while surveys  for  it  could  be  in  active  progress. 

As  between  a  salt  water  fire  pipe  system  like  that  in  Boston  and  a  fresh 
water  high  pressure  gravity  system  like  that  recently  constructed  in  Provi- 
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dence,  I  believe  the  fresh  water  gravity  pressure  system  is  much  to  be  pre- 
ferred, and  I  am  led  to  believe  that  with  the  present  complication  of  pipes 
and  conduits  of  various  kinds  now  existing  in  New  York's  streets  all  new 
piping  should  be  in  the  direction  of  simplicity,  and  that  while  fire  pipes  may 
first  be  run  from  the  high  pressure  supply  it  is  best  in  the  long  run  to  fur- 
nish the  high  pressure  water  to  every  tap,  and  as  safeguard  against  break- 
down to  rely  on  well-designed  cut-off  valves  and  cross  connections  and  on  a 
better  type  of  hydrant.  The  experience  of  Syracuse  in  changing  from  low 
pressure  to  high  pressure  with  no  serious  difficulty  or  expense  is  very 
instructive. 

If  a  high  pressure  gravity  supply  is  held  by  those  in  authority  to  be 
inexpedient,  then  a  salt  water  pipe  system  for  the  limited  district  in  the  com- 
mercial centre  where  the  concentration  of  value  is  greatest  is  well  worth 
its  remarkably  small  cost.  It  can  be  so  cheaply  and  quickly  put  in  that  per- 
haps it  is  worth  its  cost  for  the  protection  it  would  afford  prior  to  the  com- 
pletion of  the  high  pressure  gravity  supply.  But  I  would  earnestly  recom- 
mend that  if  a  salt  water  pipe  system  is  put  in,  it  should  be  so  designed  that 
it  can  be  turned  into  a  fresh  water  fire  pipe  system  at  any  future  time. 

I  am  not  unmindful  of  the  merits  and  the  low  cost  of  a  salt  water  fire 
pipe  system  for  use  in  connection  with  fire  boats,  and  indeed  have  myself 
planned  salt  water  fire  pipe  systems  for  some  of  the  largest  factories  along 
the  Atlantic  seaboard,  but  in  my  judgment  and  experience  a  fresh  water 
gravity  system  such  as  it  is  entirely  possible  to  obtain  in  New  York  is  much 
to  be  preferred. 

If  the  Housatonic  is  secured  there  will  be  more  than  abundant  water 
to  supply  all  the  small  uses  in  street  flushing,  etc.,  for  which  salt  water  might 
serve. 

The  total  quantity  of  fresh  water  that  can  be  saved  by  a  salt  water  sys- 
tem is  too  small  a  proportion  of  the  entire  city  supply  to  cut  any  material 
figure  in  the  size  of  the  additional  supply  of  fresh  water  that  is  surely  needed. 
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TsiMi>  QizjETATZOi^— POSSIBLE  MEUr  SOURCES  OF  SUPPLY. 

A  careful  study  of  the  maps  and  a  review  of  the  suggestions  of  m^ny, 
reveal  only  the  following  reasonable  possibilities,  which  are  stated  in  the 
order  of  their  proximity  and  economy.  These  various  watersheds  are 
shown  on  Map  No.  i,  next  the  front  cover.  For  close  study  reference  must 
be  had  to  the  larger  scale  topographical  maps  of  the  U.  S.  Geological  Survey. 

First — The  Ten  Mile  River. 

The  Ten  Mile  river  territory  lying  immediately  northwest  of  the  Croton 
Watershed,  with  a  dam  at  Webatuck,  will  cheaply  add  a  safe  daily  supply  of 
150  million  gallons,  equivalent  to  about  ten  years'  increase  at  the  recent  rate 
of  growth  for  Manhattan  and  The  Bronx  only,  or  equivalent  to  about  seven 
years'  increase,  or  sufficient  until  1907,  if  Brooklyn  and  Queens  must  also 
share  in  it.  The  Ten  Mile  has  the  great  advantage  that  merely  opening  the 
sluice-gate  to  be  provided  at  Pawling,  it  would  deliver  this  water  into  the 
Croton  Watershed,  whence  it  could  run  down  the  stream  into  Croton  Lake 
and  be  used  in  connection  with  the  Croton  sources  or  be  conveyed  to  the 
city  in  part  through  the  Old  Croton  Aqueduct. 

The  Old  and  New  Croton  Aqueducts  have  a  combined  capacity  when 
clean  of  about  380  million  gallons  per  day,  which  is  105  millions  more  than 
the  safe  maximum  yield  of  the  Croton  Watershed;  thus  leaving  a  moderate 
surplus  of  carrying  capacity,  subject  to  some  impairment  when  the  aque- 
ducts are  not  clean,  which  for  a  few  years  could  be  availed  of  in  carrying 
a  part  of  the  Ten  Mile  water. 

The  waters  of  the  Ten  Mile  river,  diverted  as  proposed,  would  flow 
down  into  the  present  Croton  East  Branch  Reservoir.  This  reservoir,  for- 
tunately, is  at  an  elevation  sufficient,  without  material  sacrifice  of  storage 
capacity,  to  supply  an  aqueduct  line  to  New  York  with  the  150  million  gal- 
lons of  Ten  Mile  water,  plus  the  50  million  gallons  that  the  Croton  East 
Branch  itself  will  yield,  or  200  million  gallons  per  day,  in  all,  by  gravity  flow 
at  such  a  level  that  it  will  at  the  city  limits  have  a  head  equivalent  to  an  eleva- 
tion of  300  feet  above  the  sea;  thus  affording  the  same  elevation  tendered  by 
the  Ramapo  Company,  but  in  my  estimates  of  cost  I  have  provided  for  a 
large  terminal  reservoir  near  the  city  limits,  for  which  no  equivalent  is  found 
in  the  Ramapo  proposition. 

The  Ten  Mile  Watershed  can  be  utilized  either  by  itself  by  a  dam  at 
Webatuck,  independently  of  the  Housatonic  and  the  Upper  Housatonic 
added  later,  at  that  time  practically  throwing  away  the  cost  of  the  W^ebatuck 
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Dam;  which,  however,  would  have  been  largely,  if  not  wholly,  gained  in 
saving  of  interest.  But  in  view  of  supplying  the  additions  needed  in  all 
boroughs  from  this  source,  it  may  be  as  well  to  have  these  questions  of  diver- 
sion settled  at  once,  instead  of  in  two  installments,  and  so  begin  on  the 
Housatonic  Dam  the  first  of  any  construction  and  omit  the  Webatuck  Dam. 
The  cost  for  the  Ten  Mile  system  alone  will  be  found  summarized  in  Table 
No.  6  and  analyzed  in  detail  in  Appendix  No.  6,  page  340. 

Second — Upper  Housatonic  and  Ten  Mile  Rivers. 

The  Upper  Housatonic  and  Ten  Mile  rivers  combined  and  diverted  by 
a  single  dam  of  substantially  the  same  size  as  the  New  Croton  Dam,  built 
between  granite  hills  about  one  mile  below  Merwinsville,  Conn.,  will  deliver 
750  or  possibly  800  million  gallons  per  day  into  the  Croton  Watershed  at 
the  remarkably  low  cost  of  about  ten  dollars*  per  million  gallons,  cost 
being  reckoned  on  the. entire  750  millions. 

This  750  million  gallons,  or  800  million  gallons,  when  combined  with 
the  East  Branch  of  the  Croton  in  Sodom  Reservoir,  can  all  be  verv  econom- 
ically  delivered  by  gravity  to  New  York  City  under  a  head  equivalent  to  300 
feet  above  the  sea  at  the  citv  limits.  This  head,  after  allowance  for  friction 
in  the  pipes,  is  sufficient  to  aflford  a  water  pressure  of  100  pounds  to  the 
square  inch  at  the  street  level  in  front  of  the  New  York  City  Hall  (or  the 
water  will  rise  by  gravity  230  feet  above  the  street  level  at  the  City  Hall). 
This  can  be  done  with  no  expense  whatever  for  pumping,  and  the  cost  of 
nine  dollars  per  million  gallons  estimated  for  delivering  this  entire  quantity 
at  the  city  limits,  includes  a  generous  charge  for  depreciation  and  main- 
tenance, and  also  reckons  in  a  sinking  fund,  which  would  turn  the  whole 
plant  over  to  the  city  in  first  class  repair  and  fully  paid  for  at  the  end  of  forty 
years.  The  total  annual  cost  of  all  these  various  items  for  the  whole  800 
million  gallons  would  amount  to  about  seventy  cents  per  year  for  each 
inhabitant  and  could  be  met  out  of  the  present  surplus  of  water  revenues 
over  expenses  for  the  present  water  works. 

Reckoning  the  cost  from  another  point  of  view,  the  total  annual  cost  for 
the  whole  7^0  or  800  million  gallons  per  day,  including  all  interest,  repairs,  labor, 
maintenance  and  sinking  fund  to  pay  off  the  cost,  zvould  amount  to  only  one-half 
the  annual  rental  called  for  by  the  proposed  Ramapo  contract  for  only  200  million 
gallons  per  day, 

*  Estimate  shows  $9.24  per  million  gallons.    If  water  rights  and  land   damages  prove  most 
extravagantly  high  it  can  hardly  exceed  $12. 
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Or  the  HousatoniCy  as  compared  with  the  Ramapo  proposition,  will  give 
about  four  times  the  water  for  one-half  the  cost,  and  then  at  the  end  of  40  years 
have  the  works  owned  by  tlie  city  and  fully  paid  for,  instead  of  the  city  owning 
nothing  at  tlie  end  of  the  Ramapo  contract. 

This  magnificent  supply  possible  from  the  Housatonic  would  avoid  all 
necessity  for  house  pumps  throughout  Manhattan;  would  do  away  with  roof 
tanks,  and  aflford  a  most  ample  supply  for  fire  protection  in  general  and 
for  automatic  sprinklers  in  particular;  would  avoid  all  need  of  a  salt-water 
firepipe  system,  being  very  much  superior  thereto,  and  would  give  New 
York  one  of  the  most  abundant,  cheap  and  efficient  water  supplies  in  the 
world. 

The  accuracy  of  these  statements  will,  I  trust,  be  found  satisfactorily 
demonstrated  in  Appendix  No.  7,  page  360  et  seq. 

The  estimates  of  cost  are  summarized  in  the  following  table.  No.  6: 


Note. — For  the  first  10  or  20  years  the  waste  water  that  woald  pass  this  Housatomic  Dam 
could  be  very  cheaply  made  to  furnish  from  twenty  thousand  to  ten  thousand  horse  power, 
available  for  electrical  transmission  to  any  point  desired,  for  lighting  or  power.  The  entire 
mechanical  outfit  for  this  purpose  would  be  very  cheap  in  companson  with  most  power  propositions. 
See  Figure  65  next  page  370. 
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Table  No.  6. 

Cost  per  Year  and  per  Million  Gallons  of  Water^  Ten  Mile  and  Housatonic  Bivers, 

Delivered  at  the  City  Limits  at  300  Feet  Elevation  Above  Sea  Level. 
(From  reconnaissance  only.)    With  labor  and  material  at  prices  paid  on  the  new  works  for  Boston. 


(iasntitjr. 

Average  quantity  of  water  received  ) 
from  new  source f 

Quantity  of  Croton  water  uken  from  \ 
East  Branch  Reservoir I 

Average  quantity  of  water  delivered ) 
at  city  limits  at  elevation  of  300  > 
feel  aoove  sea ) 

Aqueduct  capacity  provided  (with  I 
aqueduct  dean) f 

Million  gallons  of  water  per  year  from  | 
new  source i 

Conctruetion. 

Cost  of  water  rights,  structures    for' 
gathering,  storing  and  conveying 
into   Croton  watershed  at    East 
Branch  Reservoir , 

Cost  of  structures  for  conveyance  and  j 
storage  into  Rye  Reservoir  (viaS 
East  line),  aa  miles ) 

Cost  of  structures  for  conveyance  and  \ 
storage  into  Park  Hill  Reservoir  > 
(via  High  Line),  13.8  miles ) 

Total  cost  of  reservoirs  and  con-  | 
duits  for  delivering  water  > 
to  city  limits ) 

Operating  Bxpeiues. 

Collection  and  Storagt — 

Interest  on  entire  cost  at  3^  per ) 
year ( 

Sinking  fund  to  pay  o£F  cost  in  40  \ 
years,  at  35^=1.326?^  per  year.  \ 

Taxes  and  special  assessments,  0.4^. 

Operating  expenses  and  repairs  on  ( 
a  liberal  basis 

Extraordinary  repairs  and  depre- 
ciation (kept  good  from  main 
tenance} 

Total  cost  collection  and  storage. 

Tra  ntporiaiion — 

Interest  on  entire  cost  at  3jC  per  year. 
Sinking  fund  to  pay  o£F  cost  in  40  ( 

years  at  35  =  i.3a6jC  per  year.  ) 
Taxes  and  special  assessments,  0.2^. 
Operating  expenses  and  repairs  on  \ 

a  liberal  basis { 

Extraordmary  repairs  and  depre- ) 

ciation l 


;( 


Total  cost  of  transportation, 


Total  of  annual  chaises  compris- 1 
ing  interest,  sinking  fund,  i 
uxes,  operation  and  depre- 
ciation   

Total  cost   per   million 

fsllons  for  water  from 
en  Mile  and  Housatonic 
rivers  delivered  at  city 
limits  at  a  head  of  300  feet 
above  sea  level;  estimated 
on  a  liberal  basis  from  very 
complete  reconnaissance...^ 
Total,  omitting  Sinking  Fund...'. 


Ten  Milb. 


Million  Gallons. 
150 

50 
aoo 

250 
54.750 


Ten  Mils  and  Housatonic. 


$13,703,000 

6,668,000 
6,462,000 


*25i833ia» 


Per  Year. 


$381,000 

z68,oco 
51,000 
60,000 


Per 
mil.  gals. 


$695 

3  07 

93 

I  09 


$660,000 


1394,000 

174,000 

a6,coo 

60,000 

38,000 


$692,000 


$1,353,000 


1,010,000 


$xa  04 

I7  19 

3  18 

47 
z  09 

69 


$12   63 


$34  66* 


18  44 


The  above  is  also 
loaded  with  trans- 
portation for  50  million 
gallons  of  East  Branch 
water. 


With  Aqueduct  from 

Sodom  to  City  Limits 

Only  Half  Size  at  First. 

Million  Gallons. 
400 


400 


500 
146,000 


With  Aqueduct 
for  Whole  Quantity. 


Million  Gallons. 
750 

50 

800 

1,000 
973,750 


$36,657,000 

8,608,000 
8.535.000 


$43,800,000 


Per  Year. 


Per 
mil.  gals. 


$$16,657,000 

11,667,000 
10,097,000 


$40,951,000 


Per  Year. 


$800,000 

3S3-OCO 
107.030 

80.000 


$1,340,000 


$5  48 

3  4a 

73 
55 


$800,000 

353,000 

107,000 

80,000 


|9  18       $1,340,000 


Per 

mil.  gals 


$9  03 

1  99 
30 
99 


$514,000 
327,000 

34,000 
73,000 

56,000 


$903,000 


$3,343,000 


x,663,oco 


$3  5a 

I  55 

23 

49 
38 


$6  17 


*I5  35* 


xz  40 


$678,000 

300,000 

45,000 

84,000 

76,000 


$1,183,000 


$9,593,000 


$4  90 


$9  48 

1  10 

17 

31 

98 
$4  34 


The  above  includes  en- 
tire water  rights,  reser- 
voir cost  and  full  size 
channel  from  Pawling  to 
Sodom  for  the  whole  750 
million  gallons  per  day. 


1,870,000 


$9  94» 


6  84 


•At  these  prices  city  could  build  the  works  and  operate  and  pay  off  bonds  for  entire  cost  in  40 
years  and  then  own  the  works  **  free  and  clear  "  and  in  excellent  repair. 
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Third — Suffolk  County,  Long  Island. 

The  southern  half  of  Long  Island  to  the  east  of  Massapequa,  if  the 
legislative  restriction  is  removed,  could  probably  be  made  to  add  from  60 
to  120  million  gallons  per  day,  by  a  skillful  development  of  the  ground  water, 
equivalent  to  nearly  ten  years'  natural  increase  for  only  Brooklyn  and 
Queens  under  present  conditions,  or  perhaps  sufficient  for  fifteen  years' 
increase  in  growth,  with  all  taps  metered  and  with  an  earnest  effort  and  the 
best  results  that  can  be  reasonably  expected  in  waste  prevention. 

According  to  Mr.  de  Varona's  estimate,  this  supply,  for  pumping,  inter- 
est and  general  maintenance,  would  cost  about  $39  per  million  gallons 
delivered  in  Ridgewood  Reservoir.  It  is  of  interest  to  note  that  the  end  of 
the  aqueduct  required  to  bring  this  water  from  the  Brookhaven  Watershed 
to  Brooklyn  is  as  far  from  Ridgewood  Reservoir  as  the  upstream  end  of  the 
aqueduct  from  the  Housatonic,  at  Sodom,  is  from  Ridgewood. 

There  is  some  doubt  thrown  on  the  capabilities  of  this  watershed  to 
yield  so  much  as  estimated  in  the  Brooklyn  Report,  because  of  the  doubt 
raised  by  the  geological  study  as  to  the  real  gathering  ground  for  the  rain- 
fall extending  so  far  north  as  the  divide  on  the  surface  topography.  This  is 
a  matter  that  can  be  tested  by  wash-drill  borings  and  tests  of  the  ground 
water  level  and  slope. 

If  the  Upper  Housatonic  can  be  secured  (and  it  is  reasonable  to  sup- 
pose that  it  can,  through  the  friendly  co-operation  of  the  Connecticut  Legis- 
lature and  by  fair  and  liberal  payment  to  those  owning  adverse  rights),  then 
it  will  not  be  economical  to  develop  these  Suffolk  County  sources,  but  will 
be  much  cheaper  in  first  cost  and  in  annual  expense  of  maintenance  to  take 
water  from  the  proposed  terminal  reservoir  at  Park  Hill  across  the  East 
river  near  Hell  Gate,  or  at  some  other  favorable  point.  If  there  is  not  good 
prospect  of  securing  the  Upper  Housatonic,  then  this  territory  should  be 
carefully  studied  and  explored  by  wash-drill  borings  to  locate  the  level  and 
declivity  of  the  ground  water  within  the  yellow  gravel,  and  thus  find  the  true 
northern  limit  of  the  watershed.  Possible  valleys  or  erosions  in  the  imper- 
vious clay  floor  underlying  the  yellow  gravel  should  be  sought  also  by 
borings. 
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Fourth — FiSHKiLL  Creek,  Etc. 

The  small  watersheds  east  of  the  Hudson  river,  directly  north  of  the 
Croton  Watershed,  can  probably  be  developed  to  furnish  a  supply  of  150 
million  gallons  per  day  at  the  same  level  as  the  present  Croton  supply,  and  it 
is  probable  that  by  pushing  the  aqueduct  farther  north,  a  larger  quantity 
could  be  obtained.  This  supply  will  require  an  instrumental  survey  to  give 
definite  information  regarding  its  possibilities,  and  should  certainly  be 
investigated  in  detail  that  no  time  may  be  lost  if  negotiations  for  the  Ten 
Mile  and  Housatonic  should  fail. 

This  source  is  not  large  enough  for  more  than  a  temporary  piecing  out 
of  the  present  Croton  supply,  and  does  not  possess  the  elevation  sufficient 
for  a  high  level  gravity  supply.  It  is  relatively  expensive  for  transportation 
of  the  water  into  the  Croton  Watershed,  although  the  watersheds  themselves 
adjoin;  nevertheless  it  appears  to  be  a  practicable  source,  and  the  report  of  a 
brief  reconnaissance  upon  it  will  be  found  in  Appendix  No.  11,  page  466. 

An  estimate  of  cost  of  this  source  was  not  made  because  of  lack  of  time 
for  precise  surveys  and  close  study  of  dam  sites. 
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Fifth — Esopus  Creek. 

Esopus  Creek,  draining  the  southerly  slope  of  the  Catskill  Mountains, 
with  a  watershed  of  240  square  miles,  will,  under  the  storage  system  as  set 
forth  in  the  filed  plans  of  the  Ramapo  Company  and  described  in  detail  by 
George  S.  Rice,  C.  E.,  in  his  report  to  you  dated  August,  1899,  supply  safely 
in  a  dry  year,  as  I  compute  it,  only  about  100  million  gallons  per  day.  This 
water  is  a  mountain  water  of  unusual  natural  purity  and  excellence  (subject 
to  brief  turbidity  in  the  spring  and  after  heavy  rains,  from  the  wash  of  red 
clay*),  but  the  source  is  so  far  from  the  city  that  the  cost  of  the  long  steel 
pipe  line  will  be  large  and  the  expense  for  reservoirs  will  be  found  very  heavy. 

It  may  be  possible  by  building  the  dams  higher  than  indicated  on  the 
filed  plans  and  by  taking  in  certain  other  tributaries  at  very  great  expense 
and  with  long  delay  in  tunnel  work,  to  increase  the  safe  yield,  so  that  the 
Esopus  and  the  neighboring  Schoharie  Creek,  would  all  together  yield  200 
million  gallons  per  day.  The  cost  of  this  would  be  very  much  greater  than 
for  the  Ten  Mile  water,  the  time  necessary  to  build  the  works  would  be  longer 
and  the  conditions  of  operation  more  expensive.  I  find  by  personal  inspec- 
tion that  with  the  notable  exception  of  the  Olive  Reservoir,  the  proposed 
reservoirs  along  Esopus  Creek  have  dam  sites  that  are  not  promising  in 
visible  indications  of  a  good  safe  foundation  for  such  large  dams  as  would  be 
required  to  develop  the  yield  to  more  than  100  million  gallons  per  day.  It 
is,  of  course,  possible  that  expensive  test-pits  might  find  the  ledge  within 
practicable  reach.  The  head  or  pressure  given  by  the  Esopus  water  at  the 
New  York  City  limits  would  be  no  greater  than  that  of  the  Ten  Mile  river 
water  under  the  plans  hereinafter  proposed. 

In  Appendix  No.  9  will  be  found  the  report  of  a  brief  reconnaissance 
in  the  Esopus  Watershed,  together  with  rough  estimates  of  cost  of  the  neces- 
sary storage  and  aqueducts. 

A  summary  of  these  estimates  is  given  on  the  following  page  in  Table 
No.  7,  from  which  it  appears  that  the  city  could  itself  probably  develop  the 
water  supply  from  this  territory,  pay  all  interest,  all  maintenance  charges, 
make  all  repairs,  and  also  pay  each  year  a  contribution  to  a  sinking  fund 
which  would  pay  off  the  entire  cost  in  40  years  and  leave  the  whole  then  in 
good  repair  and  owned  by  the  city  free  and  clear  at  a  cost  of,  per  million 
gallons,  less  than  half  that  which  the  City  came  near  having  to  pay  under  the 
Ramapo  contract,  or  probably  for  about  $25,  instead  of  $70,  while  if  sinking 
fund  for  paying  off  cost  is  omitted,  thus  putting  it  strictly  on  the  basis  of  the 
Ramapo  proposition,  the  cost  to  the  City  per  million  gallons  would  be  prob- 
ably not  less  than  $17.12,  and  not  more  than  $21.24  per  million  gallons 
instead  of  $70. 

*  Although  under  present  conditions  of  rapid  flow  the  stream  quickly  runs  itself  clear  there  is  much  doubt  if 
large  storage  reservoirs  would  not  remain  permanently  discolored.    Although  the  days  of  flood  and  red  wash  are 
few,  the  volume  of  water  that  flows  in  these  few  days  may  amount  to  nearly  half  the  flow  of  the  entire  year.     I 
noted  various  small  discolored  stagnant  pools  that  had  apparently  failed  to  clear  in  long  standing.    This  matter 
should  be  investigated  by  colleccing  samples  in  connection  with  gaugings  of  flow. 
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Table  No.  7. 

Cost  per   Million   Gallons   of   Water  from    Esopus   Creek  and  Adiacent    Watershtds^ 
Delivered  at  New    York  City  Limits  at  300  Feet  Elevation  Above  Sea. 


NoTS. — ^This  estimate  is  made  between  high  and 
low  limits  because  of  incomplete  infonnation  as  to  cer- 
tain features  of  the  work. 


<iia»ntitjr. 


Constractlon. 

Cost  of  structures  for  storing  and  conveying  water  on 
watersheds  of  Esopus,  Schoharie  and  Batavia 
Creeks,  viz. : 


30,000  million  gallons  storage. 
9-7  foot  timnels,  11  miles 


Cost  of  structures  for  conveyance,  Olive  Bridge  f 
Reservoir  to  city  limits \ 

Total  cost  of  reservoirs  and  conduits  for) 
delivering  water  at  city  limits j 


Operating  Bxpensea. 

Collection  and  Storago — 

Interest  on  entire  cost  of  storage  at  3^  per  year. 


Sinking  fund  to  pay  off  cost  in  40  years  at  3}^  =  1 
i.326}(  per  year } 

Taxes  and  special  assessments  o,s% 

Operating  expenses  and  repairs  on  a  liberal  basis  *  \ 
of  city  management. | 

Extraordinary  repairs  and  depreciation  (kept ) 
good  from  maintenance) f 

Total  cost  collection  and  storage 

Transportation — 

Interest  on  entire  cost  of  conduit  at  ^  per  year. .. . 

Sinking  fund  to  pay  off  cost  in  40  years  at  3J(  =  I 
x.3a6}(  per  year } 

Taxes  and  special  assessments  0.9% 

Operating  expenses  and  repairs  on  a  liberal  basis  *  1 
of  city  management ) 

Extraordinary  repairs  and  depreciation 


Total  cost  of  transportation , 


Total  of  annual  charges,  comprising  inter- ) 
est,  sinking    fiind,   taxes,  operation 
and  depreciation 

Total  cost  per  million  gallons  for  water 
from  Esopus  Creek  district  delivered 
at  city  limits  at  a  head  of  300  teet 
above  sea  level 

Total  exclusive  of  Sinking  Fund 


To  deliver  a  daily  average  oi  200  million  gallons  of 
water  at  city  limits  at  elevation  of  300  feet  through  conduits 
of  350  million  gallons  capacity  when  clean. 

Timnels  and  masonry  aqueducts  to  be  full  size  from 
the  start,  siphons  and  pipes  deferred  until  needed. 


900  million  gallons  per  day,  73,000  million  gallons  per  year. 


Not  likely  to  cost  less  than 
the  value  given  below  if 
structures  are  first-class 
in  design,  material  and 
workmanship. 


at  $340 


$7,900,000 

1,460,000 
000 


Pari  itMl  pip*  1 

"    tntincl  ^33,000, 

"    CftCaqncdnctJ 


i3o,66c,coo 


Total  cost 
per  year. 


$360,000 

xx5,ooo 

35.000 

60,000 

$470,000 

$660,000 

993.000 

44,coo 

86,000 

105,000 


$1,187,000 


$1,657,000^ 


$1,340,000 


Per 
mil.  gals. 


♦356 

48 
82 
00 


$6  44 


#9  04 

4  03 
60 

Z  18 
«  44 


$16  36 


$33   70* 


17  za 


Mot  likely  to  cost  more 
than  the  value  given  be- 
low, with  the  very  best 
of  design,  material  and 
woH<manship. 


at  l4aS  $13,750,000 
+  503^  9,190,000 
96,000,000 


$40,940,000 


Total  cost 
per  year. 


$448,000 

198.000 

60,000 

60^000 


$766,000 


$780,000 

345.000 

53,000 

134,000 

134,000 


Per 
mil.  gals. 


$6  14 

3  71 

83 

89 

00 


$10  49 


$10  68 

4  73 

7x 

X  70 

X  70 


$1,495,000 


$3,191,000'^ 


$1,648,000 


$19  sa 


$30  oi* 
98  67 


*At  these  prices  city  could  build  the  works  and  operate  and  pay  off  bonds  for  entire  cost  in  40 
years,  and  then  own  the  works  •*  free  and  clear  "  and  in  excellent  repair. 

*  A  private  company,  giving  less  attention  to  the  neat  appearance  of  the  property,  to  policing  and  elaborate 
sanitary  inspections,  could  probably  reduce  this  cost  of  operation  one-half. 

At  the  proposed  Ramapo  Company**  contraet  price  of  $70  per  million  gallons  tlii« 
-water  -would  na-re  coat  the  city  73,000  x  $7U  —  $3,110,000  per  year. 

Wliile  the  actual  coat  of  production  at  the  City's  lo-w  rate  of  interest,  hy  estimate 
abo-v^e,  exclusi-v^e  of  sinhing  fund,  -virould  a-v^erage  only  $1,444,000  per  year. 
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Sixth — Filtered  Water  from  the  Hudson  at  Poughkeepsie. 

An  almost  unlimited  quantity  can  be  taken  just  above  Poughkeepsie 
and  purified  by  filtration,  just  as  Poughkeepsie  has  done  for  its  own  public 
water  supply  for  upwards  of  twenty  years,  or  just  as  Philadelphia  is  about 
to  purify  the  Schuylkill  and  Delaware  water  for  general  use. 

A  reconnaissance  and  estimate  of  the  cost  of  this  plant  was  made  and  is 
given  in  Appendix  No.  lo,  from  which  it  will  be  seen  that  200  million  gallons 
per  day  of  filtered  water  from  the  Hudson  river  delivered  at  300  feet  eleva- 
tion could  be  had  for  $40  to  $50  per  million  gallons,  and  for  about  $7  per 
million  gallons  less  than  this  sum  if  delivered  at  the  lower  level  of  the  present 
Croton  supply,  thereby  saving  expense  of  pumping. 

This  will  be  much  more  expensive  than  water  from  the  Upper  Housa- 
tonic.  A  supply  of  200  million  gallons  per  day  from  the  Hudson  at  Pough- 
keepsie costing  about  as  much  as  800  million  gallons  per  day  from  the  Ten 
Mile  and  Housatonic. 

The  cost  per  million  gallons  and  the  annual  expenditure  in  interest,  etc., 
will  be  more  for  this  filtered  Hudson  water  than  for  water  from  the  Adiron- 
dacks,  but  the  total  sum  required  to  be  expended  for  water  rights  and 
original  construction,  and  therefore,  the  first  installment  of  the  total  bond 
issue  will  be  very  much  smaller. 

The  ultimate  total  expenditure  for  pumps  and  filters  and  all  accessories 
of  800  millions  daily  capacity  makes  an  enormous  sum,  rising  almost  into 
the  class  with  the  cost  of  the  Adirondack  project. 

I  made  estimates  of  this,  but  as  the  question  of  date  of  construction  for  the  future  pumps  and 
filters  which  form  so  large  a  proportion  of  the  total  cost  was  rather  indefinite,  and  the  question  of 
present  value  for  these  deferred  expenditures  somewhat  obscure.  I  have  not  reproduced  these, 
figures  in  the  report. 

A  rough  estimate  similar  to  the  opposite  table,  but  for  a  daily  supply  of  400  million  gallons. 
Without  deduction  for  present  value  of  deferred  pumps,  etc.,  will  be  found  on  page  465 A. 
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Table  No.  8. 

Probable  Cost  per  Year  and  per  Million  Gallons  Filtered  Water  f^om  the  Hudson 
River  at  Poug^llkeepsiey  Delivered  in  New  York  at  City  Limits, 

(From  partial  reconnaissance  only.) 

For  pfamt  of  350  gallons^  nominal  capacity,  delivering  303  million  gallons  per  twenty-four  hours. 


liilUion  gallons  per  year  <l8livend  at.  dty  limits, 

SCO  X  365— 

For  300  feet  bead  at  city 
limits. 

For  X35  feet  head  at  city 
limits.* 

73,000  millio 

n  gallons. 
000 

73,000  m*lUon  gallons. 

Coot  of  pimping  plant,  includiBg  imakie  works,  docks, 
coal  pockesa,  landa,  etc.,  complete f 

Coftt  of  filtraf  ion  wockit.  lamlfii  He. .  comDlete 

I4.830. 
6800 

13,834,000 

6,800,000 

19,803,900 

Cost  of  stTUCturas  forooweyaaoeaad  atozage,  Pough- 1 
IcecDsie  10  citv  limite.  ......... ...... ............  f 

18,733.000 

Park  HiU  High  Pressure  Distributing  Reservoir 

Contribution  toward  cost  of  Adirondack  Reservoirs,  \ 
for  preventing  saltness  in  drouglit ) 

3,696,000 
z,ooo,ooo 

0 
X, 000,000 

Total  cost  of  works  for  pumping,  filtration  and  ) 
conveying  water  to  the  city  limits  on  small-  V 
est  basis  reasonable  in  absence  of  surveys  ) 

$35.059»ooo 

131,436,900 

Op^rfttlng  Bxpensea. 

Colltctton  and  Pumping— 

Interest  on  entire  cost  of  siructures  and  land  at ) 

3JC  per  year | 

Sinkmg  fund  to  pay  off  cost  in  forty  years  at  3^=  ) 
X  ."laM  Dcr  year 

Total  cost 
per  year. 

Per 
mil.  gals. 

ToUl  cost 
per  year. 

Per 
mil.  gals. 

$174,900 

77,000 

93,300 

X74.900 

x,z5o,ooo 

*a  38 

1  OS 

3a 
a  38 

IS  75 

|i44f7oo 

64,000 

19.300 

144.700 

715.400 

♦x  97 

88 

Taxes  and  special  assessments  at  <>.^%  of  entire  cost. . 

Extraordinary  repairs  and  depreciation  at  -^  of  | 
entire  cost I 

Coal,  labor  and  supplies,    per    million    gallons 
raised  x  foot  at  3.5  cents 

96 

»  97 
9  80 

Total  cost  of  Dumoinir ■...■••• 

|x,6co,ooo 

|3Z  88 

$x, 088.000 

I14  88 

Filtering— 

Interest  on  entire  cost  of  stuctures  and  land  at  3^ 

per  year 

Sinking  fund  to  pay  o£F  cost  in  forty  years  at  3;^— 

x.3a6^  per  year 

Taxes  and  special  assessments  at  0.4$  of  entire  cost . . 
Extraordinarv  renairs  and  deoreciation. 

|ao4,ooo 

90,900 

a7,aoo 

68,000 

219,000 

$3  80 

X   34 

37 

93 

3  00 

|ao4,ooo 

90.300 

37,300 

68.000 

319,000 

|3  80 

1  94 

37 

93 

3  00 

Maintenance,  operation,  labor  and  supplies  at  $3 1 
per  million  gallons ) 

Total  cost  of  filtering 

«6o8,40o 

18  34 

$608,400 

18  34 

TransportattOK  {Condutts  and  Terminal Rtservoirs)— 
Interest  on  entire  cost  of  structures  and  land  at  3% 

per  year 

Sinking  fund  to  pay  off  cost  in  forty  years  at  3j(=  ) 
z.326^  per  year ) 

Taxes  and  special  assessments  at  o.ajt  of  entire  cost. . 
Extraordinary  reoairs  and  denreciation 

1673,900 

997,400 

44.900 

xo7,6co 

1x0,000 

*9   23 

4  07 
6x 

«  47 
>  51 

ii6  88 

1594,000 

367,600 

39.600 

73,000 

X03.000 

iS  14 

3  59 
54 
99 

X  41 

Operating  expenses  and  repairs  on  a  liberal  basis  . . 

Total  cost  of  transportation,  interest  and  main-  1 
tenance,  ere,  Adirondack  Reservoir 1 

11,333,800 

$X,07X,200 

♦1467 

Total  of  annual  charges  comprising  interest,  ) 
sinking  fund,  taxes,  operation  and  depre-  V 
ciation 

$j,44X,aoo 

$47  'o 
40  77 

$3,767,600 

Total  cost  per  million  gallons  of  water,  from ' 
Hudson    river  at   Poughkeepsie,   filtered 

*37  90 

and  delivered  at  New  York  City  limits, 
including  Park  Hill  Reservoir 

3,976.400 

Total  exclusive  of  Sinking  Fund 

9,350,800     1          3a  20 

*  At  these  prices,  city  could  build  works  and  operate  and  pay  off  bonds  for  entire  cost  in  40 
years,  and  then  own  the  works  "  free  and  clear  "  and  in  excellent  repair. 

^Jerome  Park  Reservoir  is  x.7  miles  south  of  point  of  delivery  at  city  limits,  with  high  water  elevation  131.5 
feet  above  sea. 
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Seventh — ^The  Upper  Hudson,  or  Apirondacks. 

The  Upper  Hudson,  or  Adirondacks,  at  a  total  cost  which  is  prohibitive, 
in  view  of  the  cheaper  Housatonic,  but  which  might  not  be  insurmountable 
if  there  were  no  nearer  sources,  would  afford  from  200  to  1,000  million 
gallons  per  day  of  excellent  water  under  an  elevation  of  300  feet  above  the 
sea  at  the  city  limits,  and  with  no  expense  for  pumping.  An  aqueduct  line 
for  bringing  the  Adirondack  water  from  Corinth  to  the  city  limits  appears 
entirely  feasible. 

Although  the  first  cost  of  an  Adirondack  supply  is  extremely  large,  it 
is  of  interest  to  examine  the  estimate  of  cost  of  this  water  delivered,  as  an 
illustration  of  the  effect  of  the  present  low  rates  of  interest  upon  the  cost  at 
which  water  on  a  large  scale  can  be  developed. 

The  results  of  my  reconnaissance  and  a  full  statement  of  the  basis  of  my 
estimates,  showing  the  margin  of  uncertainty  that  exists,  will  be  found  in 
Appendix  No.  12.  A  brief  summary  showing  the  cost  per  million  gallons  is 
given  in  Table  No.  9,  on  the  following  page. 
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Table  No.  9. 

Cost  per  Year  and  per  MiUion  Gallons  of  Water^    Adirondack   Project,   Palmer'' s 
Falls  to   New  York  City  Limits^  Delivered  at  Elevation  of  300  Feet  Above  Sea, 

(From  reconnaissance  only,  without  surveys  in  detail.; 


Average  quantity  of  water  delivered  at ) 
city  limits  at  elevation  of  300  feet  ^ 
above  sea 

Aqueduct  capacity  provided  (with 
aqueduct  clean) 

Milliop  gallons  of  water  per  year  from 
this  source 

ConsimctiOM, 

Assumed  cost  of   water  rights,  stnic- 1 
tures  forgathering  and  storing  the  | 
waters  of  the  upper  Hudson  river  V 
and      tributaries    (probably    low 
rather  than  hichi J 

Cost  of  structures  tor  conveyance  and 
storage,  Palmer's  Falls  to  city 
limits 


Million  Gallons. 
200 

950 
73.000 


\ 


Terminal  reservoir,  at  Park  Hill , 


Total  cost  of  reservoirs  and 
conduits  for  delivering  water 
at  city  limits,  on  smallest 
basis  reasonable  in  absence 
of  surveys 


Operating  Expenses, 

Collection  and  storage — 

Interest  on  entire  cost  at  3^  per  \ 
year f 

Sinking  fund  to  pay  off  cost  in  40  i 
years,  at  3JC  =  xoafijt  per  J- 
year \ 

Taxes    and    special  assessments, ) 

o-4^ f 

Operating  expenses  and  repairs  on  (^ 
"  basis 


a  liberal 

Extraordinary  repairs  and  depre 
ciaiion  (kept  good  from  main 
lenance) , 


\ 


Total  cost  collection  and) 
storage ) 

Transportai  ion — 

Interest  on  entire  cost  at  3^  per 
year 

Sinking  fund  to  pay  off  cost  in  40 
years,  at  3jC=x.3a6j<  per  year 

Taxes  and  special  assessments, 
0.2^ 

Operating  expenses  and  repairs  on 
a  liberal  basis 

Extraordinary  repairs  and  depre- 
ciation  , 


Total  cost  of  transportation 


■■■\ 


Total  of  annual  charges,  comprising 
interest,      sinking     fund,    taxes 
operation  and  depreciation , 

Total  cost  per  million  gallons  for  water' 
from  Adirondack  and  Upper  Hud- 
son river,  delivered  at  city  limits 
at  a  head  of  300  feet  above  sea  level. 
Possibly  detailed  surveys  would 
increase  these  costs  xo  or  1$%...^ 

Total  cost  exclusive  of  Sinking  Fund. . . 


14,000,000 

S5.59».9«> 
3,696,000 


163,387,900 


|X20,000 

S3,ooo 

x6,ooo 
80,000 


$369,000 


S  J, 779,000 
786,000 
X  18,000 
353,000 
333,000 


$3,X57.ooo 


13,436,000* 


Per 
mil.  gals. 


«i  64 

73 
as 

X    XO 

c  00 


•369 


<24  37 
xo  77 

J  6a 

3  45 
3  04 


l43  as 


I46  94'' 


3,587,000  I       35  44 


Million  Gallons. 
400 

Soo 
146,000 


Million  Gallons. 
800 


x,ooo 


392,000 


$8,500,000 

8  X, 056,900 
3,695,000 


<93.»S3.ooo 


|a5S.ooo 
1x3,000 

34.C00 
80,000 


$483,000 


$3,543,000 

X,t34,OCO 

169,000 
3x6,030 
347f0oo 


$4,498,000 


$4,980,000* 


Per 

mil.  gals. 


$x  75 

77 
93 
55 

o  00 


#3  30 

*'7  4« 
7  70 
X  x6 
3  x6 
3  38 


$30  8x 


3,747,000 


*34  "* 


25  64 


$X5,ooo,ooo 

'13.566,000 
5,543,000 


$1 34,  xc  8,000 


$450,000 

X99,ooo 

60,000 
80,000 


$789,000 


«3.573.o«> 

i.579i«» 
938,000 

396,000 

503,000 


$6,388,000 
$7,077,000* 


5,999,000 


Per 

mil.gals. 


«x  54 

67 

90 
97 

o  00 


$9  68 

$13   35 

5  41 

8x 

X  36 
X  73 


«9x  55 


$34  23* 


x8  X5 


•  These  are  the  smallest  probable  costs  at  which  city  could  build  works  and  operate  and 
pay  oflf  bonds  for  entire  cost  in  40  years,  and  then  own  the  works  "  free  and  clear,"  and  in 
excellent  repair. 
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Eighth — ^Wallkill  and  Adjoining  Watersheds. 

The  Popolopen,  Moodna,  Wallkill  and  Shawangunk  offer  an  attractive 
line  of  survey  for  a  supply  west  of  the  Hudson,  since  these  streams,  below 
their  point  of  diversion  lie  wholly  within  the  State  of  New  York  and  the 
diversion  of  their  waters  is  thus  free  from  interstate  complications.  The 
water  from  each  of  these  streams  could  be  delivered  by  gravity  flow  at  the 
300  foot  elevation  proposed  by  the  Ramapo  Company,  and  also  proposed  in 
the  plans  that  I  have  submitted  for  the  Ten  Mile  and  Housatonic.  The  first 
impression  from  the  map  is  that  the  same  aqueduct  could  ultimately  be  pro- 
ejcted  farther  northwest,  to  take  in  the  headwaters  of  the  Rondout  and  Dela- 
ware, and  perhaps  even  the  Esopus,  but  the  field  examination  is  much  less 
promising,  because  of  questionable  quality  of  the  Wallkill  and  Moodna  water,- 
the  probable  loss  by  percolation  at  the  Wallkill  dam  site  and  the  small  area 
of  the  Shawangunk  Watershed  at  suitable  elevation,  and  the  Rondout  and 
the  Delaware  branches  are  found  very  difficult  of  access  because  of  the  high 
land  intervening. 

It  appears  that  Popolopen  could  be  developed  to  yield  a  safe  supply 
of  excellent  water  amounting  to  20  million  gallons  per  day,  and  that  the 
Big  and  Little  Modna  could  be  made  to  add  about  100  million  gallons.  The 
lay  of  the  land  is  such  that  the  Popolopen  and  Moodna  would  naturally  be 
led  into  the  same  aqueduct. 

The  Wallkill,  by  availing  of  the  vast  reservoir  of  40  or  50  square  miles 
that  would  be  had  by  re-flooding  the  "  Drowned  Lands,"  would  under  ordi- 
nary rules  for  yield  of  watersheds  of  a  given  area  and  given  storage  capacity 
yield  of  315  to  365  million  gallons  per  day,  or  just  about  half  the  capacity  of 
the  Ten  Mile  and  Housatonic,  if  there  was  no  percolation  to  lower  levels, 
but  at  a  cost  somewhat  greater  than  the  entire  cost  of  the  800  millions  by 
the  Housatonic  project.  The  Shawangunk  developed  in  connection  with 
the  Wallkill  would  add  35  millions,  bringing  the  total  for  Wallkill  and 
Shawangunk  to  400. 

In  brief,  as  to  quantity,  if  the  possibility  of  percolation  at  the  dam  site 
could  be  disregarded,  it  would  appear  feasible  to  obtain  the  following  safe 
yields  in  the  cycle  of  low  rainfall,  by  liberal  expenditure  for  storage  and  carry- 
ing the  development  to  the  very  highest  reasonable  limit : 

From  Popolopen  Watershed 20  million  gallons  per  day. 

"       Moodna  (Big  and  Little) 100      "  "  "       " 

"       Wallkill 365       "  *'  "       " 


Shawangunk 35 

Total 520 


H  (t  n  tc 
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I  regret  to  have  to  report  that  such  personal  examination  as  I  have  bee» 
able  to  make  of  this  in  the  field  together  with  the  reports  presented  by  my- 
assistants,  fail  to  sustain  in  the  promise,  held  out  by  the  map,  particularly  in 
regard  to  both  the  amount  of  the  water  obtainable  and  in  the  probable  quality 
of  the  water  from  the  Wallkill  and  the  Moodna. 

The  reports  of  the  Assistant  State  Geologist,  Dr.  Heinrich  Ries  (see 
Geological  Survey  of  N.  Y.,  Orange  Co.,  1895,  p.  474;  also  pp.  465  and  466),- 
speak  of  the  depth  of  the  rich,  black  soil  of  the  old  swamp  bottom  o£ 
the  Drowned  Lands  in  a  way  that  is  far  from  hopeful  to  the  seeker  after 
potable  water.  Half  of  this  proposed  reservoir  area  was  the  bottom  of  a 
swamp  drained  only  about  50  years  ago,  and  now  forming  as  fertile  ground 
as  can  be  found  in  the  State.  Its  deep  black  soil  of  swamp  muck  is  said  to  be 
from  5  to  50  feet  deep  over  very  large  areas,  hopelessly  extensive  for  either 
stripping  or  for  covering  with  gravel. 

I  found  it  easv  to  push  a  pole'  down  7  feet  or  more  at  almost  any  point  tried  upon  the 
large  areas  devoted  to  onion  culture,  and  by  digging  small  test  pits  at  wiaeiy  scattered  points- 
found  the  soil  to  be  mainly  decomposed  peat  and  with  a  very  large  proportion  of  the  peat  fibres 
uniformly  present  at  a  depth  of  3  net.  Samples  were  collected  for  test,  and  report  of  analyses 
showed  nearly  go%  of  organic  matter.  Several  of  the  farmers  told  me  there  was  **  no  bottom  '*  to* 
this  muck.  That  "  a  pole  could  be  pushed  down  2K  feet,*'  etc.  As  far  up  as  Owen*s  Station,  in 
New  Jersey,  I  was  able  to  easily  push  the  longest  pole  available  down  10  feet. 

I  was  for  some  years  Water  Commissioner  in  a  town  that  for  one  of  its  reservoirs,  had  flooded 
a^  swamp,  and  had  the  possible  danger  ol  developing  such  sources  so  forcibly  brought  to  my  atten- 
tion that  I  would  advise  proceeding  with  much  caution  before  recommending  the  flooding  of  the 
Drowned  Lands  as  a  storage  basin  for  New  York.  The  engineer  who  stands  foremost  in  thi.^- 
country  in  the  development  of  the  science  and  art  of  filtration,  advises  me  that  it  is  by  no  means- 
yet  proved  that  filtration  is  a  practical  and  sufficient  remedy  for  rendering  waters  subject  to  rank. 
frowths  of  algse,  i>otable  and  attractive  ;  and  the  Massachusetts  State  Board  of  Health,  without 
oubt  the  foremost  authority  of  its  kind  in  America  on  these  matters,  is  understood  to  have 
recently  advised  the  City  of  Springfield,  Mass.,  to  seek  a  new  source  rather  than  build  filters  for 
remedying  the  bad  tastes  that  develop  frequently  in  the  water  of  its  Ludlow  Reservoir  because  of 
a  swampy  bottom,  and  which  in  nearly  30  years  of  use  has  not  improved. 

It  is  possible  that  one  or  tnro  years'  careful  expert  study,  for  example,  like  the  two  Y^ars  of 
investigation  given  to  the  filtration  problem  in  Louisville  and  the  extended  study  given  to  filtration 
in  Cincinnati,  which  cost  in  the  one  case,  all  told,  nearly  $100,000,  and  in  the  other  case  $30,000,. 
would  prove  that  it  was  safe  to  go  ahead  with  the  development  of  the  Wallkill  by  flooding  the 
Drowned  Lands  for  storage  and  purifying  the  water  by  filtration,  but  I  regard  the  probabilities  as 
strongly  against  good  water  from  this  source. 

A  summary  of  the  estimates  of  cost  will  be  found  in  the  following  table,. 
No.  10. 

This  is  based  on  a  hurried  but  careful  reconnaissance  under  my  super- 
vision by  Horace  Ropes,  C.  E.,  and  rests  on  scant  data.  That  there  may  be 
no  mistake  about  the  method  of  estimate  and  the  margin  of  uncertainty,  J 
present  abstracts  from  his  report  in  Appendix  No.  14.  I  have  personally 
gone  over  much  of  this  ground,  but  the  estimates  and  the  main  recon- 
naissance in  this  region  were  made  by  Mr.  Ropes. 
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Table  No.  io. 

Cost  per  Million  Gallons  of  Water  from  Wallkill  and  ShawaBgTUnk. 

Taking  the  most  favorable,  reasonable  view  on  all  doubtful  questions. 

Supply  of  400  mil.  gals,  daily  ..  146,000  mil.  gals,  per  year.     Delivered  at  New  York  City 
limits  at  300  feet  elevation  above  sea.     Estimates  from  brief  reconnaissance. 

Construction  (very  rough  estimate). 

Cost  of  Wallkill  Reservoir $12,350,000 

Cost  of  Shawangunk  works  ($1,873,000)  deferred  18  years 1,000,000 

Cost  of  filtration  works,  built  at  first,  ibo  mil.  gal 2,350,000 

Cost  of  filtration  works,  deferred  8  years,  100  roil,  gal.,  present  value 1,780,000 

Cost  of  filtration  works,  deferred  15  years,  156  mil.  gal.,  present  value 2,250,000 

Cost  of  conduits,  part  deferred 24,868,000 

Cost  of  Park  Hill  Reservoir  (north  basin  only) 3,696,000 

Total  cost  of  works  for  storage,  filtration  and  conveyance  for  406  mil. 

gal.  supply $48,294,000 


Kough  Estimate  from  Brief  Keconnaissance. 

TOTAL  COST 
PER    YEAR. 

COST   PER 
MIL.    GALS. 

Operating  Expenses* 

Collection  and  Storage — 

Interest  on  entire  cost  of  structures  and  lands  at  3^  per  year. . . 
Sinking  fund  to  pay  od  cost  in  40  years  at  3^«:»i.32^  per  year.. 

Taxes  and  special  assessments  at  0.4^  of  entire  cost 

Operating  expenses  and  repairs  on  a  liberal  basis 

$400,000 

177,000 

54.000 

60,000 

$2  74 

I   21 

37 
41 

Extraordinary    repairs  and  depreciation  (kept  good  from  | 
maintenance) J 

Total  cost  for  collection  and  storage 

$691,000 

I4  73 

Filtration  (of  285  mil.  gal.  daily  ..  104,000  yearly) — 

Interest  on  entire  cost  of  structures  and  lands  at  3^  per  year. . . 
Sinking  fund  to  payoff  cost  in  40  years  at  3<^-»i.326<£  per  year. 
Taxes  and  special  assessments  at  0.4^  of  entire  cost 

$191,000 

84,000 

25,000 

100,000 

312.000 

$1  3" 

0  57 
0  16 

Extraordinary  repairs  and  depreciation 

0  68 

Maintenance,  operation,  labor  and  supplies  at  $3  per  mil.  gals. 

2  14 

Total  cost  of  fil tering 

$712,000 

$4  ^ 

&••*•*•••••••••••"••••   •••♦♦•• 

Transportation  (including  Park  Hill  Reservoir)— 

Interest  on  entire  cost  of  structures  and  lands  at  yfi  per  year. . . 
Sinking  fund  to  pay  off  cost  in  40  years  at  3^— i.326<tper  year. 
Taxes  and  special  assessments  at  0.2^  of  entire  cost 

$857,000 
379,000 
$57,000 
134,000 
100,000 

$5  89 

2  60 

$0  30 

Extraordinary  repairs  and  depreciation 

92 

Operating  expenses  and  repairs  on  a  liberal  basis 

68 

Total  cost  of  transportation 

$1,527,000 

$10  48 

Total  of  annual  charges  comprising  interest,  sinking  fund,  taxes,  1 
operation  and  depreciation  (on  lowest  reasonable  basis). . . .  i 

Total  cost  per  mil.  gals,  of  water  from  the  Wallkill  and  Shawan-' 
gunk  rivers  delivered  at  city  limits  at  head  of  300  feet  above  1 

$2,930,000 

$20  07 

sea  (on  lowest  reasonable  basis  and  supposing  full  quantity 
obtainable) J 

At  these  prices  City  could  build  the  works  and  operate  them  and  pay  off  bonds  for  entire  cost 
in  40  years,  and  then  own  the  works  **  free  and  clear  ''  and  in  excellent  repair. 

The  quantity  and  the  quality  of  this  water  are  at  present  doubtful. 
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Ninth — Ramapo  River. 

The  Ramapo  river,  combined  with  the  Mahwah,  at  a  cost  probably 
not  far  from  $15,000,000,  could  be  made  to  deliver  about  65  million  gallons, 
at  the  city  limits  at  a  head  of  nearly  or  quite  300  feet  above  the  sea.  The 
Ramapo  river  flows  south  into  New  Jersey  and  is  a  tributary  of  the  Passaic 
river,  on  which  valuable  rights  are  understood  to  be  in  the  control  of  interests, 
allied  to  the  East  Jersey  Water  Company,  and  its  diversion  would  raise  all 
the  Inter-State  questions  that  have  been  discussed  in  connection  with  the 
diversion  of  the  Ten  Mile  river  and  with  less  prospect  of  favorable  solution. 
I  have  reviewed  the  possibilities  of  this  source  to  some  extent  in  Appendix 
No.  13. 

Tenth — Delaware  River. 

The  Delaware  river  at  Port  Jervis  is  less  than  sixty  miles  distant  from 
New  York  in  an  air  line  and  is  at  Port  Jervis  at  an  elevation  of  about  415 
feet  above  sea  level,  and  is  ample  in  elevation  for  a  supply  delivered  by  gravity 
flow  to  elevation  300.  While  the  main  river  is  not  very  promising,  certain 
of  its  tributaries,  the  Beaver  Kill,  Neversink,  Bashers  Kill,  the  East  and 
West  Branch  of  the  Delaware,  are  among  the  possibilities,  but  at  a  cost 
which,  according  to  a  reconnaissance  made  by  one  of  my  assistants,  puts  it 
beyond  the  limits  of  reasonable  projects.  The  diversion  of  these  streams 
which  flow  into  other  States  would  raise  the  Inter-State  questions  previously 
referred  to. 

In  all  these  explorations  west  of  the  Hudson  we  were  embarrassed 
by  lack  of  time,  and  particularly  by  the  absence  of  good  topographical 
maps,  much  more  than  in  our  reconnaissance  on  the  Ten  Mile. 

One  section  of  contour  map  covering  a  part  of  this  region  was  sur- 
veyed last  year,  and  proofs  courteously  furnished  by  the  Chief  Geographer, 
just  as  our  estimates  were  being  closed.  The  country  is  so  broken  and  some 
of  the  problems  of  reservoir  site  and  storage  so  difficult  that  an  instrumental 
survey  is  needed  for  definite  information.  I  recommend  that  a  complete  sur- 
vey be  made  over  to  these  tributaries  of  the  Delaware,  with  a  view  to  the 
possibility  of  failure  in  satisfactory  negotiations  for  the  Housatonic  and  Ten. 
Mile. 
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Eleventh — Lake  George. 
Lake  George  has  often  been  suggested.  The  briefest  investigation  will 
.show  that  its  watershed  is  utterly  inadequate  to  supply  any  such  quantity  as 
is  needed  for  New  York.  The  watershed  is  so  small  and  the  evaporating 
-surface  so  large,  that  not  more  than  150  million  gallons  per  day  in  a  dry 
year  could  be  relied  upon  from  this  source,  or  no  more  than  from  the  Ten 
Mile  alone.  Its  elevation,  too,  is  about  222  feet  lower  than  the  Hudson  at 
the  point  of  diversion  at  Corinth  proposed  for  the  Adirondack  supply,  and 
would  not  flow  to  New  York,  without  pumping,  at  an  elevation  sufficient  for 
use.  Lake  George  should  be  dismissed  from  consideration  as  among  the 
manifest  impossibilities. 

Twelfth — The  Great  Lakes. 

The  Great  Lakes  have  sometimes  been  spoken  of  as  the  source  to  which 
.the  Greater  New  York  of  the  distant  future  must  go  for  an  adequate  supply. 
A  brief  inspection  of  the  map  will  clearly  indicate  that  the  distance  to 
Ontario,  the  nearest,  is  a  barrier  which  is  insurmountable  in  view  of  financial 
considerations,  while  the  elevation  of  the  source  would  necessitate  pump- 
ing. Comparing  this  even  with  the  enormously  expensive  Adirondack  sup- 
ply, we  see  at  once  that  it  is  beyond  all  question  inferior  and  much  more 
expensive. 

All  of  the  foregoing  sources  are  indicated  upon  Map  No.  i  accompany- 
ing this  report. 

Summary  Regarding  Possible  Sources, 

The  reconnaissances  and  rough  estimates  of  yield  and  cost  for  the 
sources  mentioned  above,  which  comprise  everything  found  on  the  map  that 
.gives  any  reasonable  prospect,  demonstrates  beyond  a  doubt  that  for  low 
cost  of  construction,  large  yield,  safety  of  dam  sites,  simplicity  of  manage- 
ment, low  cost  of  maintenance  and  supervision  the  Upper  Housatonic  is 
much  the  most  favorable  source. 

The  source  that  I  am  led  to  recommend,  after  studying  all  of  these  pos- 
sibilities, is  the  Ten  Mile  in  combination  with  the  Upper  Housatonic.  No 
other  source  possesses  equal  advantages  of  nearness,  simplicity  and 
•economy  of  operation,  and  facility  for  delivery  by  gravity  at  an  elevation  of 
300  feet  above  the  sea  at  the  city  limits,  which  would  afford  a  pressure  of 
100  pounds  to  the  square  inch  on  substantially  every  fire  hydrant  in  New 
York  City,  whenever  in  the  near  or  distant  future  one  section  after  another 
was  fitted  to  receive  this  higher  pressure.  This  supply  would  meet  all  of  the 
requirements  for  a  high-pressure  gravity  supply  that  have  been  so  earnestly 

Catskill  creek  and  the  vaiious  streams  draining  the  northern  slope  of  the  Catskill  Mountains  should  properly 
be  examined.  We  made  some  very  brief  examincition  which  showed  plainly  that  there  would  be  so  much  extra 
expense  in  the  necessary  conduit  Une  that  the  project  was  less  favomble  than  some  of  the  others  ;  but  had  not 
time  to  pursue  the  subject.  I  have  been  informed  that  there  is  more  limestone  in  this  re^^ion  and  more  probability 
of  hard  water  than  on  soufhem  slope  of  the  same  mountains,  but  have  no  personal  knowledge  of  the  accuracy  of 
'this  statement. 
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presented  by  certain  prominent  underwriting'  interests  and  would  give  a  vol- 
ume of  water  ample  for  future  growth  and  development  four-fold  larger  than 
can  be  hoped  for  from  tfae  Esopus  plus  Schoharie  Creek,  proposed  by  the 
Ramapo  Company,  and  at  one-seventh  the  cost  per  million  gallons. 

Diversion  of  Water  from  Inter-State  Rivers. 

It  would,  of  course,  be  impossible  for  New  York,  under  its  own  right  of 
eminent  domain,  to  secure  any  portion  of  the  Housatonic  water.  While 
eminent  counsel  have  questioned  the  possibility,  under  certain  New  Jersey 
decisions,  of  diverting  even  the  Ten  Mile  river,  it  is  a  matter  of  fact  and 
record  that  such  things  have  been  done,  and  on  a  very  large  scale.  The  same 
questions  arose  in  connection  with  the  supply  which  is  now  under  construc- 
tion for  Boston  and  the  adjacent  communities  from  the  Nashua  river,  and 
on  which,  in  the  State  of  New  Hampshire,  there  were  mill  interests  much 
more  important  than  any  found  along  the  Housatonic* 

I  happened  to  be  a  member  of  the  Massachusetts  Metropolitan  Water 
Board  at  the  time  that  these  matters  were  under  discussion  and  for  that 
reason,  knowing  how  easily  the  questions  were  solved  in  the  practical  biisi-- 
ness  way,  without  recourse  to  litigation,  I  have  had  less  hesitation  in  going 
ahead  and  presenting  quite  a  full  preliminary  estimate  upon  the  Ten  Mile 
and  Housatonic  project. 

In  the  case  of  the  diversion  of  the  South  Branch  of  the  Nashua  river 
for  Boston's  supply,  one  side  of  the  case,  that  adverse  to  the  Board,  was  very 
ably  and  exhaustively  reviewed  by  the  eminent  lawyers  George  B.  French 
and  Jeremiah  Smith,  and  the  result  of  their  researches  was  published  in  the 
Harvard  Law  Review  for  November,  1894,  under  the  title  of  "  Power  of  a 
State  to  Divert  an  Inter-State  River."  The  precedents  which  they  found 
were  perhaps  naturally  not  particularly  favorable  to  the  diversion.  The 
actual  solution  came,  not  so  much  as  a  matter  of  law  as  a  matter  of  ordinary 
business  and  the  ordinary  willingness  of  a  man  to  sell  an  article  in  his  posses- 
sion when  he  can  obtain  an  excellent  price  and  readily  procure  a  substitute. 

It  is  my  belief  that  the  advantages  of  the  Housatonic  and  the  Ten  Mile 
supply  are  so  great  that  the  City  of  New  York  could,  to  secure  this  water, 
afford  to  pay  every  house-owner  within  the  basin  to  be  flooded  at  Dover 
Plains,  three  times  the  market  value  of  his  house,  and  could  further  well 

*  The  City  of  Worcester,  Mass.,  has  very  recently  diverted  a  tributary  of  a  river  which  fur- 
nishes power  to  more  than  a  score  of  Rhode  Island  factories,  and  has  before  Commissioners 
appointed  by  the  Court,  acting;  lointly  for  Massachusetts  and  Rhode  Island  interests,  tried  some 
fifty  or  more  cases  of  petitions  for  damages  all  at  one  hearing,  consecutively  ;  and  very  promptly 
reached  an  award. 
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afford  to  pay  every  owner  of  a  mill  site  along  the  Housatonic  in  Connecticut, 
three  times  the  real  value  of  the  water-power  to  be  taken  away,  and  while 
New  York  has  other  sources  to  which  it  can  go  if  a  generous  offer  for  these 
were  refused,  it  is  reasonable  to  expect  that  the  parties  owning  this  property 
would  unite  in  giving  the  city  an  option  upon  it  under  a  price  even  less 
generous  than  that  which  I  have  mentioned. 

It  would,  of  course,  be  dangerous  for  the  city  to  go  ahead  and  become 
definitely  committed  to  any  such  expensive  scheme  without  these  rights 
being  made  secure  in  advance. 

It  is  also  probable  that  under  proper  safeguard  of  fair  recourse  in  its 
courts,  the  State  of  Connecticut  would  generously  co-operate  in  furthering 
a  project  which  would  be  so  much  to  the  material  benefit  of  the  neighboring 
Metropolis  and  at  the  same  time  would  be  to  the  great  profit  of  certain  of 
its  citizens. 

Disturbance  of  Inhabitants  of  Reservoir  Sites. 

The  population  to  be  disturbed  by  such  a  dam  is  large,  but  is,  if  I  mis- 
take not,  much  smaller  in  proportion  to  volume  of  water  acquired  than  has 
been  disturbed  in  certain  of  the  sanitary  improvements  in  the  Croton  Water- 
shed. Although  some  few  would  be  grieved  beyond  the  power  of  money  to 
repair,  the  average  man  can  be  assumed  to  be  willing  to  sell  his  property  for 
water  supply  at  50  per  cent,  above  its  fair  market  price,  and  the  city  can  well 
afford  to  pay  this,  or  even  more,  to  secure  water  from  a  location  so  extremely 
favorable  in  distance,  elevation,  simplicity  of  management  and  economy  of 
operation. 

I  have  put  into  my  estimate  liberal  margin  for  contingencies  and  for 
liberal  prices,  judging  by  what  such  things  have  actually  cost  elsewhere. 

The  number  of  persons  to  be  disturbed  is  relatively  little,  if  any,  greater 
than  by  the  great  reservoir  now  being  constructed  for  the  Boston  Metro- 
politan District,  and  the  disturbance  to  established  industries,  factories  and 
the  like,  along  the  Ten  Mile  and  Housatonic,  is  not  one-twentieth  part  so 
great  as  that  which  has  been  successfully  overcome  along  the  South  Branch 
of  the  Nashua  river. 

The  writer,  having  been  a  member  of  the  Massachusetts  Metropolitan 
Water  Board  while  negotiations  for  hundreds  of  farms  and  dwellings  w^ere 
in  progress,  and  having  had  personal  experience  that  by  friendly  negotiation 
three-quarters  of  all  required  parcels  or  properties  could  be  secured  at  a 
reasonable  moderate  advance  on  ordinary  market  price,  by  the  Board  being 
friendlv  and  accommodating  and  ready  to  take  responsibility  of  settlement 
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out  of  court,  giving  prompt  payment  and  extending  all  possible  kindness  in 
ample  time  for  removal,  has  had  less  hesitation  than  might  otherwise  have 
been  the  case  in  working  out  the  details  of  a  plan  so  attractive  from  the  en- 
gineering standpoint,  but  causing  such  great  disturbance. 

New  Structures  Proposed, 

The  structures  proposed  for  the  transportation  of  this  water  from  the 
outlet  dam  at  Pawling  to  New  York  City  are  clearly  indicated  in  the  appen- 
dices giving  estimates  of  cost  in  detail.  They  are  of  the  same  general  char- 
acter as  those  recently  constructed  for  conveying  the  waters  of  the  South 
Branch  of  the  Nashua  river  toward  Boston,  and  are  of  the  most  substantial 
and  permanent  character. 

As  a  part  of  the  project  and  as  a  safeguard,  it  is  proposed  to  construct  a 
large  equalizing  or  storage  reservoir  at  Rye  Pond,  having  its  surface  at  an 
elevation  of  355  feet  above  sea  level,  but  with  the  aqueducts  so  arranged  that 
a  large  portion  of  this  water  can  be  withdrawn  for  use  in  emergencies.  This 
withdrawal  of  surplus  storage  will  conveniently  permit  of  cleaning  the  aque- 
duct between  Sodom  and  Rye  Pond,  by  sweeping  the  interior,  at  least  twice 
a  vear. 

As  a  further  safeguard,  a  terminal  high  pressure  distributing  reservoir 
has  been  proposed  on  a  favorable  site  at  Park  Hill,  about  one-half  mile  north 
from  the  city  limits.  A  careful  reconnaissance  on  the  ground  by  Horace 
Ropes,  C.  E.,  indicates  that  this  structure  could  be  readily  made  to  hold 
as  much  water  as  the  large  reservoir  in  Central  Park.  The  cost,  as  esti- 
mated, is  to  be  understood  as  a  mere  approximation,  but  was  intended  to  be 
safe. 

It  is  to  be  noted  that  no  safeguard  of  this  kind  appears  in  the  pro- 
posed plans  of  the  Ramapo  Company  for  its  high  pressure  supply,  but  is 
included  in  the  various  projects  that  I  have  presented. 

The  cost  of  water  per  million  gallons  by  various  of  the  sources  described 
above  is  summarized  in  the  Table  No.  6  already  presented,  and  will  be  found 
worked  out  in  detail  in  the  several  appendices. 

These  are  to  be  understood  as  preliminary  approximations,  made  in 
nearly  every  case  after  a  reconnaissance  over  the  ground,  and  are  to  be 
considered  merely  as  preliminar>'  to  the  work  of  a  careful  instrumental  sur- 
vey, with  test  pits,  borings  and  closer  estimates  of  cost,  which  should  be 
undertaken,  as  I  believe,  vigorously  and  by  several  distinct  parties,  so  that 
all  the  results  should  be  well  in  hand  before  the  close  of  the  coming  season. 
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Future  Supply  for  Borough  of  Richmond. 

For  Staten  Island  the  outlook  for  securing  good  water  in  adequate 
quantity  upon  the  island  itself  is  utterly  hopeless,  and  it  is  plain  that  the 
supply  which  the  near  future  demands  must  come  from  the  mainland  and 
that  it  can  be  most  cheaply  brought  across  The  Narrows  from  Brooklyn. 
This  matter  will  be  found  discussed  in  Appendix  No.  15. 

There  are  great  possibilities  of  commercial  and  industrial  development 
along  the  magnificent  water  front  of  Staten  Island  and  ample  areas  for  a 
large  population.  Its  growth  would  naturally  be  greatly  facilitated  by  an 
assurance  of  an  adequate  water  supply. 

I  have  not  had  time  to  study  this  problem  with  so  much  detail  as  I 
would  like,  but  venture  to  call  attention  to  the  fact  that  the  topographical 
maps  indicate  that  an  admirable  site  for  a  large  destributing  reservoir,  cap- 
able of  holding  a  long  supply  against  the  emergency  of  interruption,  can 
be  found  between  the  high  hills  on  the  northern  end  of  the  island,  and  that 
with  such  a  reservoir  it  would  appear  prudent  from  the  coast  survey  charts 
to  lay  heavy  cast-iron  flexible-joint  pipes  across  the  channel  in  two  or  three 
lines,  a  safe  distance  apart,  so  that  if  one  should  be  injured  another  would  be 
available,  and  to  deliver  water  through  these  at  a  comparatively  high  velocity 
into  the  reservoir  above  suggested.  Careful  expert  study  on  the  ground, 
with  soundings,  and  by  men  who  have  gained  experience  on  some  of  the 
recent  large  works  of  laying  submerged  pipes  of  this  kind,  are  needed  for  a 
precise  estimate  of  cost. 

Brief  Time  for  so  Broad  a  Subject. 

In  closing,  it  is  but  fair  to  state  that  this  report  has  been  written  under 
very  great  pressure  for  its  early  publication,  and  I  must  again  say  that  the 
time  at  my  disposal  has  been  too  brief  to  carry  various  promising  lines  of 
investigation  to  their  proper  conclusion.  I  have  had  to  touch  very  lightly 
on  certain  of  the  large  problems,  each  of  which  would  afford  a  field  for  sev- 
eral months'  close  study  and  require  instrumental  surveys  for  a  more  precise 
answer,  but  trust  that  by  my  fullness  of  statement  I  have  everywhere  made 
the  margin  of  uncertainty  plain  and  made  it  easy  for  the  future  investigator 
to  review  my  figures. 

I  desire  to  publicly  acknowledge  the  patience  and  kindness  with  which 
Mr.  A.  Fteley,  until  recently  Chief  Engineer  of  the  Aqueduct  Commission, 
and  Mr.  G.  W.  Birdsall,  Chief  Engineer  of  the  Department  of  Water  Supply, 
have  answered  my  many  questions  and  opened  certain  records  of  their 
offices;  to  Mr.  I.  M.  de  Varona,  Chief  Engineer  of  the  Brooklyn  Works,  and 
to  Mr.  Alfred  Craven,  Acting  Chief  Engineer  of  the  Aqueduct  Commission, 
for  facilities  afforded  for  gaugings;  to  Mr.  C.  S.  Gowen,  Resident  Engineer 
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at  the  New  Croton  Dam,  for  aid  in  various  matters;  to  Mr.  E.  Sherman 
Gk)uld,  for  the  interest  that  he  has  taken  in  looking  up  his  notes  on  the 
gauging  of  the  Old  Croton  Aqueduct;  to  Mr.  F.  W.  Watkins,  for  the  great 
interest  that  he  has  taken  in  this  current-meter  work  on  regauging  the  flow 
in  the  aqueducts. 

Mr.  Hiram  F.  Mills  has  aided  me  with  some  very  valuable  suggestions. 
I  am  also  indebted  to  my  friends,  Mr.  F.  P.  Stearns,  Chief  Engineer  of  the 
Massachusetts  Metropolitan  Water  Board,  for  many  items  of  data,  and  to 
J.  Waldo  Smith,  Civil  Engineer,  long  identified  with  the  East  Jersey  Works 
and  now  Superintendent  of  the  Paterson  Water  Works,  for  many  valuable 
suggestions  on  water  waste  prevention. 

It  is  but  justice  to  record  the  zeal  and  efficiency  of  those  who  have 
assisted  me  in  the  more  important  parts  of  this  work  and  who  have  for 
months,  without  complaint,  devoted  not  only  long  days  but  their  evenings 
and  holidays  to  pushing  forward  the  collection  of  data  and  the  many  long 
and  tedious  computations.  My  acknowledgments  are  particularly  due  to 
Mr.  Horace  Ropes,  whose  long  experience  in  very  responsible  railroad 
reconnaissance  and  location  in  the  west  has  enabled  him  to  carry  forward 
these  lines  of  reconnaissance  and  estimates  with  especial  promptness,  and  in 
whose  judgment  on  costs  of  grading  and  tunneling  in  the  country  explored,! 
have  confidently  relied.  To  Mr.  Edwin  D.  Pingree,  Mechanical  Engineer 
and  head  draftsman,  who  has  also  verified  estimates  and  made  independent 
check  computations  for  many  branches  of  the  work  and  has  verified  the 
proof  sheets;  to  Morris  Knowles,  C.  E.,  formerly  office  assistant  engineer  of 
the  Massachusetts  Metropolitan  Water  Board,  later  for  two  years  resident 
engineer  on  the  Pittsburgh  investigations  for  improving  the  water  supply, 
and  afterward  assistant  engineer  on  the  recent  investigations  for  improving 
the  water  supply  of  Philadelphia.  Mr.  Knowles  made  most  of  the  field 
studies  on  the  Housatonic  project  and  supervised  the  details  of  the  Croton 
Watershed  computations.  My  grateful  acknowledgments  are  also  due  to 
George  A.  Taber,  C.  E.,  recently  of  Col.  George  E.  Waring's  staff  in  the 
New  York  Street  Cleaning  Department,  whose  familiarity  with  the  city  and 
the  public  routine  has  been  of  great  assistance  and  who  had  charge  of  the 
measurements  of  hourly  variation  in  consumption  made  in  the  Central  Park 
and  the  Ridgewood  Reservoirs,  and  who  also,  with  Mr.  Knowles,  made  the 
surveys  in  the  Ten  Mile  and  Housatonic  districts,  and  to  mv  friend  and 
former  classmate.  Prof.  Crosby,  the  eminent  economic  geologist,  for  the 
great  interest  which  he  has  shown  in  applying  the  teachings  of  his  science 
to  these  questions  of  water  supply. 

Respectfully  submitted, 

JOHN  R.  FREEMAN, 

Consulting  Engineer. 
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Appendix  No.  1 . 

Yield  of  the  Croton  Watershed. 

To  determine  the  yield  of  the  Croton  Watershed  requires  four  distinct 
series  of  measurements : 

1st.  The  quantity  of  water  wasted  over  the  dam. 
2d.  The  quantity  drawn  out  through  the  old  aqueduct. 
3d.  The  quantity  drawn  out  through  the  new  aqueduct. 
4th.  The  quantity  taken  from  the  natural  flow  and   held   back   in   storage 
reservoirs,  or  added  to  the  natural  flow  by  discharge  from  storage. 

I  find  that  the  measurements  published  in  the  Aqueduct  Commissioners' 
reports,  computed  in  part  in  the  office  of  the  Aqueduct  Commission  and  in 
part  in  the  Bureau  of  Water  Supply,  and  commonly  accepted  heretofore  as 
the  basis  for  all  estimates  of  the  daily  amount  of  water  that  New  York  City 
can  derive  from  the  Croton  Watershed  by  building  more  storage  reservoirs, 
average  about  10  per  cent.,  or  38  million  gallons  per  day  too  large, 
because  of  the  use  of  data  which  was  less  accurate  than  that  which  we  now 
possess.  As  the  result  of  new  computations  for  each  day  and  month  of  the 
past  thirty-two  years,  judging  of  the  future  by  the  past,  I  am  led  to  con- 
clude that  the  utmost  average  daily  yield  which  can  be  relied  upon  in  a  series 
of  years  of  low  rainfall  after  the  filling  of  the  great  reservoir  above  the  New 
Croton  Dam  in  1902,  will  be  275  million  gallons  per  24  hours.  Should  the 
years  1900  and  1901  have  as  small  rainfall  as  1880  and  1881,  not  over  235 
million  gallons  per  day  could  be  furnished  continuously  in  those  years,  or 
until  the  new  reservoir  is  completed. 

The  cause  of  the  excess  of  the  results  of  the  old  computations  of  actual 
flow  month  by  month  from  1870  to  1894  over  those  by  the  new  computation, 
is  due  to — 

1st.  The  use  of  a  less  accurate  formula  for  flow  over  the  dam  than  we  now 
possess. 

2d.  The  use  of  assumed  co-efiicients  instead  of  actual  gaugings  for  comput- 
ing flow  in  the  Old  Aqueduct.  i 
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3d.  The  lack  of  information  which  we  now  possess  concerning  impairment 
of  carrying  capacity  of  New  Aqueduct. 

4th.  Incomplete  allowance  in  the  earlier  estimates  for  the  effect  of  the  stor- 
age reservoirs. 

The  reasons  for  these  differences  are  now  so  clearly  apparent  and  so 
firmly  established  that  any  competent  engineer  who  carefully  examines  the 
records  and  the  premises,  will,  I  believe,  be  forced  to  depart  from  the  earlier 
estimates. 

The  estimate  heretofore  accepted  of  the  total  run-off  month  by  month 
from  the  Croton  from  1870  to  1887  is  given  in  Tables  Nos.  2  and  3,  pages  67 
and  68  of  the  Aqueduct  Commissioners'  report  of  1887,  and  is  described 
upon  page  50  of  said  book. 

On  critically  examining  this  estimate  and  comparing  the  yield  thus 
found  for  the  Croton  with  that  of  certain  other  streams,  and  on  investigating 
the  formulas  used  in  its  computation,  various  matters  to  be  later  described 
were  discovered,  which  led  me  to  recompute  the  flow  for  the  whole  period 
during  which  the  records  are  available,  because  of  the  great  importance  of 
accurate  knowledge  of  what  the  river  had  yielded  in  the  past  as  a  guide  to 
what  it  may  be  expected  to  yield  in  the  future;  or  as  a  guide  toward  answer- 
ing the  questions: 

How  soon  will  a  new  source  of  supply  be  needed? 

How  much  more  storage  reservoir  capacity  in  the  Croton  Watershed 
will  it  pay  to  provide? 

How  far  will  all  these  reservoirs  be  refilled  from  the  natural  flow  in  years 
of  low  rainfall? 

The  difference  between  the  earlier  estimates  and  the  present  estimate 
is  found  due  mainly  to  the  causes  described  below: 

First  Correction — The  flow  wasting  over  the  Old  Croton  Dam  was  over- 
estimated about  9  per  cent,  by  the  use  of  a  formula  not  strictly  applicable  to 
this  peculiar  form  of  dam,  and  because  of  a  mistaken  assumption  in  length 
of  overfall.  On  measuring  the  length  of  crest  line  of  dam,  I  found  it  shorter 
than  heretofore  assumed  by  10  feet  6  inches  (or  4  per  cent.)  for  all  depths 
less  than  8  inches,  while  the  length  between  wing  walls  heretofore  used  was 
substantially  correct.  I  also  found  that  the  dam  crest  is  not  abso- 
lutely level  because  of  settlement  near  the  centre  pier,  and  that  the  method 
of  measuring  the  depth  gave  results  about  0.30  inch  too  high. 
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To  get  a  correct  measure  of  the  flow  at  various  depths  I  have  had  careful 
experiments  made  upon  a  full  scale  model  of  this  Croton  Dam  crest  by 
Prof.  Gardiner  S.  Williams  at  the  admirable  Hydraulic  Laboratory  of  Cor- 
nell University,  opened  last  year. 

Second  Correction — The  flow  in  the  Old  Croton  Aqueduct  at  the  depth 
commonly  used  before  the  New  Aqueduct  was  opened,  is  less  than  pre- 
viously estimated  by  about  14,000,000  gallons  per  day,  or  15  per  cent. 
These  earlier  estimates  were  based  on  using  for  the  Old  Croton  Aqueduct  the 
same  co-efBcient  of  flow  found  for  the  new,  smooth  and  clean  Sudbury 
Aqueduct,  and  not  upon  a  gauging  of  the  Old  Aqueduct  itself. 

Third  Correction — Gauged  by  the  same  observer,  with  the  same  instru- 
ment, the  New  Croton  Aqueduct  is  now  delivering  less  water  for  a  given 
depth  of  flow  than  when  new,  to  the  extent  of  about  40,000,000  gallons  per 
day;  or,  when  the  depth  measured  at  the  head  of  the  Aqueduct  is  ii.o  feet, 
the  shortage  is  about  15  per  cent. 

In  the  absence  of  the  opportunity  to  examine  the  aqueduct  tunnel, 
because,  as  I  am  told,  water  cannot  at  present  be  shut  off  even  for  a  day  with- 
out interfering  with  the  high-service  pump  supply,  we  can  from  a  study  of 
recent  depths  and  gaugings,  and  from  knowledge  of  what  has  happened  in 
other  aqueducts,  feel  fairly  certain  that  this  impairment  of  capacity  is  due 
to  three  distinct  causes: 

(a)  Serious  obstruction  at  or  near  Gould's  Swamp  Siphon.* 

(6)  Serious  recent  obstruction  in  the  upper  five  or  more  miles,  such  as  would 

be  caused  by  growth  of  spongilla  on  the  inside  surface  or  a  deposit 

of  dead  leaves  or  other  rubbish  on  the  bottom. 
{c)  A  general  coating  of  the  sides  and  bottom  with  slime  or  minute  organic 

growths. 

The  New  Aqueduct  has  not  been  emptied  for  inspection  now  for  four 
and  a  half  years,  and  has  not,  so  far  as  I  can  learn,  been  given  a  cleaning 
since  it  was  first  put  in  use,  nine  and  one-half  years  ago.  I  have  little  doubt 
that,  with  a  thorough  cleaning,  the  capacity  of  this  aqueduct  would  return 
to  the  original  figures. 


*  January  16,  1900 — I  am  informed  to-day  that  on  December  29,  1899,  water  was  shut  off  at 
the  head  sufficiently  to  reduce  the  depth  at  head  of  Gould's  Swamp  to  about  5  feet,  and  the  safety 
gratings  were  found  badly  obstructed  by  dead  leaves  and  twigs,  and  were  cleaned.  This  removed 
the  excessive  loss  of  head  at  this  point.  The  small  brick  dam  across  bottom  of  aqueduct  a  few 
feet  up  stream  from  the  beginning  of  the  Gould's  Swamp  Siphon  was  not  removed. 
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Fourth  Correction — ^An  error  was  made  five  years  ago  in  setting  the 
gauge  by  which  depths  in  the  New  Aqueduct  are  read,  so  that  it  makes  the 
depth  appear  2^  inches  too  large;  this  cause  alone  contributes  about 
6,000,000  gallons  per  day  to  the  over-estimate  mentioned  above. 

Fifth  Correction — The  effect  of  storage  drawn  from  Boyd's  Comer  and 
Middle  Branch  Reservoirs  and  the  Croton  Lake  in  modifying  the  natural 
flow  had  not  been  taken  into  account  in  these  earlier  estimates,  neither  had 
due  allowance  been  made  for  the  controlled  natural  ponds. 

Among  minor  matters  aiding  to  make  the  new  estimate  more  precise 
than  the  old,  it  may  be  mentioned  that  on  going  to  the  Croton  Dam  to  con- 
sult the  original  records,  I  found  there  was  recorded  a  depth  of  waste  over 
dam  measured  each  evening,  in  addition  to  the  morning  depth  heretofore 
solely  used,  thus  giving  us  twice  as  many  separate  observations  on  this 
variable  quantity  as  had  been  previously  used;  and  that  by  a  comparison  of 
the  keepers'  records  of  depth  in  aqueduct  at  Croton  and  at  Tarrytown  with 
those  at  Sing  Sing,  we  were  able  to  eliminate  some  small  discrepancies  and 
add  to  the  certainty  of  the  data  for  our  estimate. 

It  is  plain  that  proper  care  has  not  been  used  in  the  past — and  is  not 
used  to-day — either  in  the  making  or  in  the  preservation  of  these  records. 
The  original  records  of  depths,  etc.,  kept  at  the  Croton  Dam  prior  to  July, 
1879,  could  not  be  found  for  my  examination,  and  the  keeper  and  the  as- 
sistant engineer,  Mr.  Blake,  tell  me  they  are  probably  lost.  All  of  the  orig- 
inal record  books  of  the  Sing  Sing  keeper  have  also  been  lost,  and  I  w^as 
therefore  obliged  to  have  recourse  to  a  partial  transcript  of  copies  in  the 
office  of  the  Chief  Engineer  of  Water  Supply  and  in  the  Aqueduct  Commis- 
sioner's Office.  The  complete  records  for  North  Tarrytown  were  found  on 
file  and  proved  very  useful  for  comparisons  on  Old  Aqueduct,  but  the 
depths  given  for  the  New  Aqueduct  in  this  Tarrytown  record  appear  very 
carelessly  taken,  judging  by  frequent  failure  to  notice  important,  changes 
made  in  depth  at  the  head.  This  may  result  from  the  greater  distance  of  the 
Pocantico  Station  from  the  keeper's  headquarters.  The  measuring  station 
for  the  Old  Aqueduct  was  close  at  hand  to  the  Tarrytown  keeper,  and  his 
observations  on  this  appear  more  reliable.  The  record  of  depth  in  the  Old 
Aqueduct  since  1890  often  fails  to  indicate  whether  the  depth  is  of  flowing 
water  or  is  a  deceptive  level  due  to  shutting  the  gate  at  Tarr>'town,  or  due  to 
building  a  little  dam  inside  the  aqueduct  for  some  temporary  purpose,  but 
it  has  been  easy  to  get  the  facts  in  these  cases  by  questioning  the  employees. 
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This  matter  of  a  correct  estimate  of  the  yield  of  the  Croton  Water- 
shed is  so  important  as  a  basis  for  measuring  New  York's  present 
means  of  water  supply,  and  of  such  interest  to  the  engineering  profession  as 
a  guide  to  the  yield  of  other  streams,  that  the  evidence  on  these  matters  will 
be  presented  here  with  such  fullness  as  to  give  the  means  for  its  critical 
examination. 

Waste  Over  Croton  Dam. 

All  previous  estimates  of  the  flow  over  the  Croton  Dam  made  by  the 
Aqueduct  Commissioners  or  in  the  Department  of  Public  Works  have  been 
based  upon  the  measurement  at  5  o'clock  each  morning  of  the  depth  of  water 
above  lip  of  dam.  There  are  no  noteworthy  mills  on  the  stream  to  interfere 
with  the  regularity  of  flow,  and,  therefore,  one  depth  measurement  a  day 
serves  very  much  better  than  it  would  on  most  streams.  The  depth  is  meas- 
ured commonly  to  the  nearest  inch,  and  the  present  keeper  and  his  assistant 
tell  me  that  within  their  experience  it  has  always  been  obtained  by  measuring 
down  from  the  comer  of  the  coping  stone  of  the  wing  wall  on  the  east  bank 
of  the  stream  at  a  point  just  downstream  from  the  intake  of  the  Old  Aque- 
duct and  about  120  feet  upstream  from  the  crest.  This  stone  has  been  taken 
to  be  6  feet  above  the  crest  and  the  crest  has  always  been  assumed  to  be 
level  and  250  feet  long. 

Measurements  made  about  November  i,  1899,  shows  the  actual  eleva- 
tions and  length  to  be  as  follows,  starting  from  an  adjacent  and  reliable 
bench-mark  of  the  engineers  of  the  Aqueduct  Commissioners: 

Length  of  Round  Crest  0am.  ^^"«*^  AnguiarCrest  Dam 

& 180.3  ft ^        \* 71.1ft J 

— 60.5'- 


Corner  of 
\  ^-'^/'V^  \  %%%\  \"^>  "^<^%%%  ^'  *^^*%&d  *'de  cf  intake 


^-'•■•%^-^^'^^^>-    '^^'>-      '-.^v.v,  %^,..    '■;:>^.-%--.    .>^^-^     ,  .    .         , 

Mean  of  all  observations  shows  crest  averages  5,975  ft.  below    f*~  "  ^^      j^^  \    u 

edge  of  coping  from  which  depths  flowing  over  dam  aremeasured.    \  e^  -^  ?<20.5-'«^ 

Lengths  and  Elevations  of  Old  Croton  Dams.  ^' 

from  survey  of  Nov.  1899.  and  Feb.  1900 
Levels  on  Round  Crest  were  taken  at  points  3ft.  apart 
under  direction  of  C.  S.  Gowen,  Div.  Eng'r  Aq.Com. 
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By  these  levels  the  elevation  of  coping  stone  edge  is I7:^.2Io 

Average  elevation  of  crest  of  dam  is 166.235 

Distance  of  average  crest  below  edge  of  coping 5-975 


These  heights  indicate  that  0.025  feet  should  be  deducted  from  the  depth 
as  now  measured  from  the  edge  of  coping  stone,  or,  in  other  words,  that  the 
real  depth  averages  about  3/10  inch  less  than  recorded  by  the  keeper.  It 
appears  fair  to  assume  that  in  1868,  or  about  twenty-five  years  after  building, 
the  dam  had  reached  the  degree  of  settlement  which  now  exists.  While  the 
observations  are  commonly  made  only  to  the  nearest  inch,  small  errors  of 
observation  will  probably  balance  in  hundreds  of  observations,  and  it  is 
important  to  avoid  a  constant  error  of  even  this  small  amount — ^because 
with  the  great  length  of  overfall,  it  cuts  a  much  larger  figure  in  the  final 
estimate  than  would  at  first  be  supposed.  Under  average  conditions  this 
error  of  0.3  inch  exaggerates  the  waste  over  dam  about  8  or  10  million 
gallons  per  day  for  five  months  in  the  year.  I  have,  therefore,  deducted 
0.3  inch  from  the  mean  of  the  depths  over  the  dam  recorded  by  the  keeper 
for  all  days  since  1868  in  which  there  was  no  timber  "  flashboard  "  set  upon 
the  stone  crest. 

On  February  13,  1900,  the  old  timbers  formerly  bolted  to  the  stone 
crests  were  shown  me  by  Mr.  Twigger,  Keeper's  Assistant,  and  I  found  the 
corners  slightly  worn,  but  the  general  shape  well  preserved.  They  were 
found  lying  on  the  margin  of  the  lake  about  200  feet  north  from  the  dam, 
and  at  that  time  were  wet  from  several  days  of  soaking  rains  and  fog,  and 
were  thus  probably  of  nearly  the  same  diameter  as  when  in  use.  The  thick- 
ness or  depth  was  found  to  vary  from  ii^  to  iif  inches,  averaging  11.7 
inches.  Making  a  small  allowance  on  the  one  hand  for  shrinkage,  and  oh 
the  other  for  the  slight  rounding  of  the  corners  and  for  the  0.3  inch  average 
error  in  elevation  of  gauge  bench  as  compared  with  the  stone  crest,  noted 
above,  it  appears  that  the  depth  of  water  flowing  over  the  dam  when  the 
timber  was  in  use,  is  probably  correct  as  it  stands  in  the  keeper's  record. 

The  keeper,  Mr.  Holbrook,  and  his  assistant,  Mr.  Twigger,  both  as- 
sure me  that  in  the  sheltered  location  where  the  depth  is  measured,  the 
wind  very  rarely  causes  waves  of  such  height  as  to  interfere  materially  with 
reading  the  depth  washing  over  the  dam  to  the  nearest  inch  with  certainty. 


The  two  parts  of  the  flam  are  oi  very  fiitterent  shape  -: 
below. 


Average  Profile  of  01^  Cr^-ao  Dam  .  Angular  C 


Fig.  70 


These  sketches  are  from  the  average  of  careful  measurements  and  levels 
made  at  sections  about  20  feet  apart  by  G.  A.  Taber,  C.  E.,  on  October  15, 
1899,  under  my  supervision.  It  will  be  noted  that  the  upstream  slope  is 
hollowed  out  as  compared  with  the  original  design. 


Section  of  Old  Cro 
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ANGULAR  CREST  SECTION  OF  OLD  CROTON  DAM. 


ROUND  CREST  SECTION  OF  OLD  CROTON  DAM. 


The  litur»  milked  in 
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The  approach  to  the  southerly  or  sharp  crest  section  is  obstructed  by  an 
outcrop  of  ledge  for  about  30  feet  near  the  southerly  shore  and  extending  irre- 
gularly about  40  feet  upstream  from  the  crest.  This  ledge  is  blasted  off  at  a 
rough  general  level  from  6  inches  to  a  foot  below  the  water  when  level  with 
the  crest. 

From  inspection  when  the  water  was  low  and  from  a  study  of  the  con- 
tours given  in  a  plate  in  the  Aqueduct  Commissioners'  report  of  1887,  which 
shows  II  feet  of  channel-depth,  below  ievei  of  crest,  opposite  to  the  point 
where  depth  of  water  wasting  is  measured,  there  appears  to  be  ample  depth 
of  channel  so  that  there  can  be  no  error  due  the  head  absorbed  bythevelocity 
of  approach.  The  gauge  which  is  attached  to  the  stone  pier  between  the  two 
dams  at  a  distance  of  about  40  feet  upstream  from  the  crest  (which  gauge  is 
now  indistinct  and  said  to  be  seldom  or  never  used),  appears  to  be  well  back 
of  the  influence  of  surface  slope.  On  February  13,  with  3  feet  depth  of  water 
running  over  the  dam,  I  found  no  indication  of  conditions  impairing  the  ac- 
curacy of  these  depth  measurements. 

Old  Formula  for  Computing  Waste  Over  Dam. 

The  formula  upon  which  all  tables  heretofore  used  for  computing  the 
flow  over  the  Old  Croton  Dam  have  been  based  is 
Q  =  3.4LHJ 

Tracing  back  the  origin  of  this  table  and  formula,  Mr.  G.  W.  Birdsall 
found  for  me  an  old  document  said  to  be  in  the  handwriting  of  Captiiin 
Dresser,  made  probably  about  1870,  which  is  apparently  the  original  compu- 
tation. On  this  sheet  six  different  formulas  for  discharge  over  a  Weir 
had  been  set  down,  and  although  among  these  was  the  formula 
Q  =  3.012  L  !  136  of  the  Lowell  hydraulic  experiments:  of 

the  late  Jame  ich  was  the  only  one  out  of  the  six  that  had 

been  derived  st  weir  with  a  sloping  approach  (and  which 

should  have  ;  le  form  of  the  crest  and  the  suppression  of 

contraction  li  he  discharge),  the  above  formula,  given  on 

the  authority  is  selected. 
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Cornell  Experiments, 

From  superimposing  a  drawing  of  Mr.  Francis*  flat-top  model  over  a 
drawing  of  the  round  Croton  crest  and  noting  their  general  coincidence  and 
that  the  Francis  experiments  gave  about  12  per  cent,  less  water  than  the  old 
Eytelwein  formula  heretofore  used  for  the  Croton  Dam,  and  because  the 
experiments  in  France  a  few  years  ago  by  the  distinguished  engineer,  Henry 
Bazin  (see  Annales  Fonts  et  Chaussees  2d,  1898,  p.  151),  had  shown  that  a 
great  difference  in  the  discharge  at  a  given  depth  was  sometimes  produced  by 
seemingly  small  changes  in  the  form  of  the  crest,  and  because  so  much  was  at 
stake  in  this  case  in  knowing  with  accuracy  the  quantity  which  had  been 
wasted  over  the  Croton  Dam  in  past  years,  and  which  it  is  hoped  to  utilize  in 
future  by  building  storage  reservoirs,  I  ventured  to  apply  for  the  use  of  the 
remarkable  facilities  found  in  the  Hydraulic  Laboratory  opened  last  year  at 
Cornell  University,  and  which  had  already  been  put  to  practical  use  during 
the  summer,  by  tests  of  flow  over  certain  types  of  dam  crests  for  the  United 
States  Deep  Water  Ways  Commission. 

Professor  Fuertes,  Director  of  the  College  of  Civil  Engineering,  himself 
years  ago  an  engineer  in  charge  of  a  part  of  the  Croton  Works,  heartily 
co-operated,  and  my  special  thanks  are  due  to  him  and  to  Professor  Gardiner 
S.  Williams,  the  engineer  in  charge  of  the  laboratory,  for  his  earnest  personal 
attention  to  the  construction  of  the  model  dams  and  his  vigorous  and  careful 
carrying  on  of  the  experiments  at  short  notice  to  the  exclusion  of  all  other 
work  and  at  much  personal  inconvenience. 

The  method  of  experimentation  consisted  in  causing  the  same  water  to 
pass  over  a  standard  sharp-crested  weir  and  then  over  a  model  dam  of  the 
same  length.  This  standard  weir  was  without  end  contractions,  and  was 
strictly  comparable  with  the  weirs  whose  discharge  into  measuring  basins 
had  been  accurately  measured  by  Francis,  Fteley  &  Stearns,  and  Bazin.  The 
depth  of  this  water  above  the  level  of  the  standard  weir  and  its  depth  above 
the  crest  of  the  model  dam  were  measured  with  great  care. 

The  following  sketches  will  make  the  methods  and  conditions  clear: 


Yield  of  Cbotom  Watershed. 
46.04ft; 1 — lOft- 


Section  of  MODEL  DAM  with  Round  Crett  •  Cnst  16  ft.  long  _ 
After  experiment  1 06,  the  bottom  of  model  dam  was  cut  off 


Section  of  MODEL  DAM  with  Angular  Crest-  Crest  16  ft.  Jang 


Flf.  30 


Water  from  the  pond  in  any  desired  quantity  was  admitted  through  the 
regulating  gates  at  A.  The  swirls  and  eddies  were  removed  by  the  baffles, 
B  and  C,  and  the  screen  D,  of  wire  cloth,  of  about  1-4-inch  mesh.  The  water 
then,  moving  smoothly  and  slowly  because  of  the  great  depth  of  the  canal, 
passed  over  the  standard  weir  F,  and  then  after  being  quieted  by  the  baffle 
or  screen  H,  and  by  passing  through  the  long  canal,  it  passed  very  smoothly 
over  the  crest  of  the  model  dam  K,  and  thence  ran  down  the  canal  to  the 
waste  gates.  The  depths  over  the  standard  weir  F  and  over  the  model  dam 
K  were  simultaneously  measured  at  half  minute  intervals  by  two,  and 
sometimes  three,  observers,  who  noted  the  water  level  in  glass  tubes  of  i-inch 
internal  diameter,  attached  to  finely  graduated  scales,  firmly  sot.  These 
glass  tubes  were  connected  with  piezometer  pipes  of  i-inch  galvanized  iron, 
placed  parallel  to  the  current  (as  shown),  perforated  with  small  holes  along 
their  sides,  the  ends  being  plugged.  For  a  check,  the  depths  were  nlso 
occasionally  measured  independently  with  a  hand  hook  gauge  in  the  open 
channel.  Care  was  taken  that  the  flow  should  be  well  regulated,  and  the 
depth  steady  before  each  experiment  began.  Such  numerous  independent 
checks  on  measuring  the  depth  were  had  in  all  the  later  experiments  that  I  am 
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confident  that  the  error  in  the  mean  value  of  depth  over  either  the  standard 
weir  or  the  model  dam  could  not  have  exceeded  0.002  foot,  except  for  a  very 
few  experiments  with  the  largest  flows;  this  .002  foot  including  all  error  of 
reading,  level  and  adjustment.  To  make  certain  that  air  had  free  access 
under  the  sheet  flowing  over  the  standard  weir  a  perforated  pipe  was  laid  in 
the  angle  just  downstream  from  the  crest  and  connected  with  a  U-tube 
draft-gauge.  The  difference  in  air  pressure  was  found  so  small  that  it  could 
hardly  be  measured. 

The  two  weir  basins  have  sides  and  bottom  of  solid  concrete  masonry; 
the  weir  timbers  were  massive  and  so  well  fitted  that  the  leakage  was  very 
small.  I  carefully  inspected  each  weir  and  weir  basin  for  leakage,  first,  when 
the  basin  was  empty,  looking  for  infiltration;  and  afterward  with  each  basin 
above  the  weir  filled  within  2  inches  of  the  crest  and  empty  below  it,  I  exam- 
ined the  weir  bulkheads  for  leakage.  Numerous  other  leakage  tests  were 
made  by  shutting  off  water  at  the  head  and  noting  rate  of  fall  of  water  level 
in  the  intermediate  basin,  16  ft.  x  232  ft.,  when  drawn  just  below  the  level 
of  the  crest  of  model  dam.  A  correction  for  this  leakage  is  introduced  into 
the  final  computations,  but  it  will  be  noted  that  it  was  so  small  that  it  might 
have  been  neglected  without  sensible  error. 

For  a  check  on  the  measurement  depths  and  upon  leakage  and  crest  ele- 
vation, Professor  Williams  and  I  kept  independent  notes  during  several  of 
the  characteristic  experiments,  and  after  bringing  the  several  determinations 
together  and  studying  the  possibilities  of  error,  I  believe  that  the  resulting 
curves  showing  quantity  in  cubic  feet  per  second  per  foot  in  length  dis- 
charged at  various  depths  up  to  2^  feet  over  the  two  model  dams  with  round 
crest  and  angular  crest,  in  their  normal  condition,  may  be  regarded,  includ- 
ing all  questions  of  piezometers,  leakage  and  calibration  of  the  standard 
weir,  velocity  of  approach,  and  of  margin  of  error  in  the  Francis  and  the 
Bazin  formulas,  as  a  whole  as  certainly  accurate  within  two  per  cent,  and 
probably  closer.  The  disagreement  in  quantity  in  cubic  feet  per  second 
between  different  experiments  on  the  same  model  at  the  same  depth  on 
different  days  was  commonly  much  less  than  one  per  cent 
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The  following  models  representing  different  actual  conditions  on  the 
Croton  Dam  were  experimented  with : 


Tig."  31 

Standard  Croton  Round  Crest  Dam, 

A-i. — First  tested  with  surface  of  unplanned  hemlock  plank;  again 
tested  with  crest  covered  with  smoothly  planed  pine  boards. 

A-2. — Tested  with  that  portion  upstream  from  J  covered  with  cleats 
and  fragments  of  stone  to  represent,  so  far  as  practicable,  the  actual  rough- 
ness of  the  concrete  and  rip-rap  found  on  inspecting  the  Croton  Dam  when 
pond  was  drawn  low. 

A-3. — Slope  rough,  as  just  described,  and  with  wire-cloth  of  about  No. 
18  wire  and  J-inch  mesh,  tacked  over  the  cut-stone  portion  of  crest. 


Fig.  32 

Standard  Croton  Angular  Crest  Dam, 

B-i. — First  tested  with  surface  of  fairly  regular  unplaned  hemlock 
plank. 

B-2. — With  cleats  and  fragments  of  stone  upstream  from  J,  represent- 
ing the  actual  backfilling  of  dam. 

B-3. — Same  as  B-2,  with  addition  of  wire-cloth  over  the  cut-stone  por- 
tion of  crest  from  J  to  K. 
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In  some  of  the  experiments  with  the  angular  crest  models,  a  small 
amount  of  air  persisted  under  the  sheet  of  water  downstream  from  K,  but  in 
the  most  of  the  experiments  reported  there  was  little  or  none.  The  effort 
was  to  avoid  air  under  the  sheet  of  water,  in  the  belief  that  there  would  be 
none  under  actual  conditions  on  the  angular  Croton  Dam.  Later,  in  Febru- 
ary, 1900,  I  had  the  opportunity  to  carefully  observe  the  actual  dam  with 
about  3  feet  of  water  running  over  it  and  saw  there  was  no  air  under  the  sheet 
of  water  just  below  the  apex.  In  certain  of  the  experiments  a  trap-door 
about  2  feet  square  was  cut  in  the  downstream  apron,  and  so  arranged  that 
air  could  be  admitted  under  the  sheet  of  water  flowing.  In  the  few  experi- 
ments made  with,  first,  no  air,  and  second,  with  air  under  the  sheet,  no 
noteworthy  difference  was  found,  but  pressure  for  time  prevented  investigat- 
ing this  matter  closely,  it  being  of  little  practical  importance  in  this  par- 
ticular case. 


Fig.  33 


Round  Crest  Croton  with  12-inch  Timber  on  Top, 

C. — Slope  roughened  as  before  by  fragments  of  stone  and  wooden  cleats. 

D. — Angular  Crest  Croton  with  Timber  on  Top. 

E. — Angular  Crest  Croton,  without  timber  on  top,  with  obstruction 
intended  to  represent  in  some  degree  the  ledger  existing  upstream  from 
northeast  end  of  the  Croton  Dam.  Tested  first  with  end  A  open,  forming 
a  sharp  contraction. 

E-2. — Same,  except  that  obstruction  was  provided  with  sloping  ap- 
proach A-B. 
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The  experiments  of  Series  E  were  intended  to  measure  the  effect  of  the 
ledge  lying  upstream  from  the  southerly  end  of  the  angular  dam,  but  they 
must  be  taken  as  illustrative  and  not  quantitative,  because  this  model  was  not 
strictly  representative  of  the  actual  condition  of  the  dam  near  the  ledge, 
the  obstruction  upstream  from  the  model  being  shorter  and  more  regular 
than  the  actual  ledge.  Because  of  the  lateness  of  the  season  and  the  pressure 
of  other  work,  it  was  impracticable  to  take  time  for  constructing  a  more  com- 
plete model  to  represent  this  ledge;  and  since  the  length  of  the  actual  crest 
obstructed  by  ledge  is  only  about  30  feet,  or  less  than  one-eighth  part  of  the 
length  of  the  entire  dam,  any  lack  of  precision  in  the  estimate  for  this  portion 
can  have  no  practical  weight  in  the  final  result.  It  appears  to  the  writer  that 
because  of  the  regularity  of  the  upstream  edge  of  this  obstruction  on  the 
model,  the  current  was  deflected  upward  evenly  at  A  for  the  entire  width  of 
the  canal,  throwing  the  obstructions  on  the  platform  into  an  eddy  where  they 
produced  less  turmoil  and  swirling  of  the  current  than  would  be  the  case  with 
the  actual  ledge.  Certainly  I  was  surprised  at  the  smoothness  of  surface  cur- 
rent in  the  Series  E-2,  and  although  there  was  far  more  disturbance  in 
Series  E,  it  was  largely  in  regular  transverse  summits  and  valleys,  or  waves, 
which  did  not  necessarily  absorb  much  energy.  In  both  series,  E  and  E-2, 
the  retardation  caused  by  the  platform  and  its  obstructions  was  surprisingly 
small. 

The  results  of  the  several  experiments  at  Cornell  on  these  Croton 
models  are  given  in  the  following  table,  No.  13.  Each  depth  given  in  the 
table  is  the  mean  of  from  10  to  20  or  more  readings  of  the  gauge,  and  was 
commonly  checked  by  the  observations  of  two  observers  reading  entirely 
separate  scales  connected  to  independent  piezometer  pipes,  and  commonly 
was  further  checked  by  one  or  two  readings  by  another  observer  taken  in 
the  open  channel  with  a  hand  hook-gauge.  The  datum  of  the  scale  boards 
was  compared  with  the  elevation  of  the  weir  crests,  by  means  of  an  engineer's 
wye  level,  and  confirmed  in  the  case  of  the  standard  weir  by  water-levels 
taken  w-hen  water  was  about  an  inch  or  two  below  the  crest,  by  means  of 
simultaneous  readings  of  the  glass  tube  scales  and  of  a  small  portable  hook- 
gauge  clamped  to  the  weir  crest. 

The  experiments  are  here  arranged  in  order  of  depth,  but  it  will  be 
noted  from  the  serial  numbers  that  the  order  of  depth  was  occasionally  pur- 
posely broken,  in  order  to  detect  or  avoid  periodic  error.  Professor  Will- 
iams gave  his  skillful  personal  supervision  constantly,  and  the  writer  had 
the  pleasure  of  spending  three  days  and  one  night  on  the  ground  assisting 
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in  the  work  and  checking  up  on  questions  of  accuracy.  The  serial  numbers 
missing  from  the  record  are  of  experiments  when  the  water  was  in  a  chang- 
ing condition  or  for  a  period  in  the  early  stages  when  there  were  no  good 
check  observations  on  the  depth  over  standard  weir  and  when  there  was 
probable  error  from  air  bubbles  in  a  temporary  arrangement  of  piezometer 
pipe  which  was  abandoned  after  experiment  No.  8.  Had  not  the  work  been 
pressing  and  the  season  late  and  these  experiments  already  delayed  by  trou- 
ble with  air  in  piezometer  pipes  during  the  first  fortnight's  work,  I  should, 
as  a  matter  of  scientific  interest,  have  developed  the  curves  more  completely 
by  observations  at  shorter  intervals. 

The  observations  were  plotted  on  millimetre  cross  section  paper  on  the 
large  scale  of  ^  metre  vertical  =  i  foot  depth,  and  i  metre  horizontal 
=  10  cubic  feet  per  second  per  foot  of  crest.  Then  curves  were  drawn,  coin- 
ciding with  the  averages  of  the  observations  for  each  kind  of  crest,  which 
curves  served  for  taking  off  the  quantities  at  frequent  intervals  of  depth  with- 
out the  use  of  formulas.  See  Figure  34.  I  have  purposely  avoided  the  use  of 
a  formula  and  present  diagrams  instead,  because  of  the  smaller  liability  that 
these  will  be  misapplied. 


Diagram  No.  34 
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The  quantities  taken  from  the  curves  of  Diagram  No.  34  were  used  in 
constructing  a  table  of  the  quantities  wasting  over  the  actual  dam  at  various 
depths  up  to  2.5  feet  in  height,  which  was  the  limit  of  these  experiments. 
These  total  quantities  at  given  depths  were  then  again  plotted  on  logarithmic 
cross  section  paper  and  the  line  of  flow  produced  at  the  same  slope  indicated 
by  the  experiments  up  to  a  height  as  great  as  the  largest  depth  ever 
observed  over  the  dam.  This  diagram,  Figure  35,  photo  reduced  to  a  smaller 
scale,  is  given  opposite. 

Difference  in  the  degree  of  roughness  of  surface  of  these  wide  crests 
was  found  by  the  Cornell  experiments  to  make  less  difference  in  the  dis- 
charge of  water  than  might  have  been  expected.  Examples  of  this  effect 
will  be  found  noted  on  Diagram  No.  34.  For  example,  the  change  from  a 
crest  of  smoothly  planed  plank  to  a  crest  covered  and  made  rough  with 
wire  cloth  lessened  the  discharge  3  per  cent,  at  0.47  feet  depth;  2  per 
cent,  at  0.8  feet  depth;  0.8  per  cent,  at  1.35  feet  depth;  1.3  per  cent,  at  2.1  feet 
depth. 

From  personal  inspection  of  smoothness  of  surface  of  the  stone  crests 
of  the  dams  before  and  after  these  Cornell  experiments,  I  was  led  to  adopt  a 
mean  between  the  lines  of  experiments  with  the  wooden  surface  and  that 
with  the  wire  cloth  over  the  surface,  as  fairly  representing  the  actual  con- 
ditions and  for  values  to  be  used  in  our  final  diagram  of  discharge  over  the 
Croton  Dam  have  adhered  to  those  experiments  in  which  the  sloping  sur- 
face of  the  model,  upstream  from  the  cut  stone  portion,  was  roughened  with 
blocks  and  broken  stone. 

For  the  southerly  29.8  feet  of  angular  crest,  where  obstructed  by  ledge 
(including  the  step),  after  making  a  second  inspection  of  the  length,  position 
and  roughness  of  the  ledge  subsequent  to  the  Cornell  experiments,  I  con- 
cluded to  call  the  resistance  of  the  ledge,  which  was  actually  about  30  feet 
long,  double  that  found  caused  on  our  model  E  by  a  more  regular  obstruc- 
tion 16  feet  long,  but  used  the  normal  angular  crest  experiments  for  the 
other  40  feet,  and  of  course  made  due  allowance  for  the  decreased  depth 
over  the  8-inch  step — 10.5  feet  long — at  the  southerly  end  of  dam.  Possibly 
this  allowance,  deducted  for  effect  of  ledge,  was  a  little  too  large.  On  Feb- 
ruary 13,  1900,  I  had  the  opportunity  to  inspect  this  part  of  the  dam  while 
water  was  flowing  over  it  3.0  feet  in  depth,  and  found  sufficient  disturbance 
in  the  approaching  water  in  the  portion  above  this  ledge  due  to  certain 
wooden  steps,  direction  of  approach  and  other  matters,  to  justify  in  large 
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degree  the  foregoing  allowance  for  retardation;  but  this  disturbed  portion 
being  less  than  one-eighth  part  of  entire  length,  the  greatest  possible  margin 
of  uncertainty  in  the  flow  over  it  cannot  affect  the  entire  discharge  over  the 
dam  by  more  than  one-half  of  one  per  cent. 

Estimate  of  Flou}  Through  the  Old  Croton  Aqueduct. 

Examination  of  reports,  careful  inquiries  in  the  office  of  Chief  Engineer 
of  the  Department  of  Water  Supply  and  in  the  office  of  the  Chief  Engineer 
of  the  Aqueduct  Commission,  also  inquiries  of  several  engineers  formerly 
connected  with  the  operation  of  the  Croton  Works,  have  thus  far  failed  to 
bring  to  light  any  gaugings  of  the  flow  in  the  Old  Aqueduct,  except  the  two 
following : 


First — ^The  Tracy  and  Church  Gauging. 

G.  W.  Birdsall,  Chief  Engineer  of  the  Department  of  Water  Supply, 
kindly  found  for  me  a  record  of  a  gauging  made  for  former  Chief  Engineer 
Tracy  by  Mr.  B.  S.  Church,  in  1871.  This  record  is  to  be  found  on  page 
49  of  Mr.  Tracy's  record  book  on  file  in  the  Department.  Mr.  Tracy  con- 
sidered his  test  to  show  that  with  a  depth  of  5  feet  1 1  inches  at  Sing  Sing, 
the  aqueduct  carried  85.8  million  gallons  per  24  hours.     By  recomputation 

1  find  errors  which  reduce  this  to  75.3  million 
gallons  per  24  hours. 

Mr.  Tracy's  data  are,  in  brief,  as  follows: 
Four  floats  of  the  form  shown  in  margin, 
Figure  36,  made  of  poplar  boards  jj-inch  thick, 
were  sent  through  the  aqueduct  from  Sing 
Sing  to  High  Bridge.  They  were  started  fifteen 
minutes  apart  and  the  time  of  passing  over 
this  distance  of  25.69  miles  was  as  follows: 


Made  of  %•  Poplar 


Fig.  36 


Isometric  Sketch  of  Float 
used  in  Church  gauging 


Float  Xo.  I — Top  on  Water.         Time  of  transit,  1 1  hrs.  29  min. 
"     No.  2—    "      "         "  ''      '^       "        II    "     29    '' 
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No.  3 — Top  3  inches  out. 
JO.  4 —         5 
Average  depth  immersed,  4  feet  10  inches. 
Average  time,  11  hours  27  minutes  15  seconds. 
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Water  was  5  feet  1 1  inches  deep  at  Sing  Sing. 
Water  was  5  feet  3  inches  deep  at  High  Bridge. 

Messrs.  Tracy  and  Church  computed  that  the  area  of  section  at  5  feet 
II  inches  depth  was  40.25  square  feet,  that  the  time  of  11  hours  25  minutes 
occupied  in  passing  25.69  miles,  gave  a  velocity  of  3.3005  feet  per  second. 

40.25  square  feet  x  3.3005  feet  per  second  x  7.48  gallons  per  cubic  foot 
X  86,400  seconds  in  24  hours,  gives  85,841,078  gallons  per  24  hours. 

The  table  of  flowing  capacity  of  Old  Aqueduct  used  for  many  years  (and 
still  in  use,  with  10  per  cent,  reduction),  gives  85,197,277  gallons  per  24 
hours,  for  this  same  depth  of  5  feet  ii  inches  at  Sing  Sing;  a  coincidence  so 
remarkable  as  to  lead  to  the  conclusion  that  the  table  was  based  on  this 
gauging. 

A  curve  plotted  from  the  depths  and  quantities  of  this  table  used  in  the 
Water  and  Aqueduct  Departments  is  given  in  Diagram  No.  43.  The  date, 
origin,  authority  and  computations  for  this  table  are  stated  to  be  unknown, 
but  Mr.  Birdsall  identifies  the  oldest  copy  in  the  Department  as  in  the 
handwriting  of  Mr.  Thompson. 

It  is  plain  beyond  question  that  the  method  of  computing  this  Tracy- 
Church  gauging  in  1871  was  wrong,  but  the  data  are  probably  all  right. 
The  floats  were  of  good  form  and  the  data  as  to  depth  and  time  of  transit 
are  without  doubt  accurate,  and  we  can  easily  apply  two  corrections  that  will 
make  the  gauging  of  great  value,  for  it  is  the  only  gauging  extant  made  in 
that  decade. 


First  Correction,  Tracy  Gauging — It  will  be  noted  that  the  area  at  only 
the  upstream  end  of  the  channel  was  used  by  Mr.  Tracy,  while  at  the  down- 
stream end  of  the  transit  the  water  was  8  inches  less  deep.  The  correspond- 
ing area  is  4.78  square  feet,  or  12  per  cent.  less.  Obviously,  the  niean 
velocity  of  3.3005  feet  per  second  should  be  multiplied  by  the  mean  area,  not 
by  the  maximum  area.  The  straight  mean  of  5  feet  1 1  inches  and  5  feet  3 
inches  is  5  feet  7  inches,  but  observations  in  later  years  at  various  stations 
along  the  aqueduct  show  that  the  water  continues  at  the  same  depth  from 
Sing  Sing  to  Tarrytown  and  falls  off  but  little  from  Tarrytown  to  Yonkers, 
making  its  chief  drop  from  Kings  Bridge  to  High  Bridge  in  very  much  the 
same  way  that  the  depth  in  the  New  Aqueduct,  shown  on  sheet  40  of  Aque- 
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duct  Commissioners*  Report  of  1895,  falls  off  more  sharply  near  the  lower 
end  of  the  "  section  not  under  pressure." 

By  analogy  from  various  observations,  I  call  the  average  depth  5  feet 
8^  inches  for  the  whole  length  of  run  of  float.  This  gives  the  standard 
section  an  area  of  38.80  square  feet,  which  should  be  multiplied  by  the  mean 
velocity  of  the  four  floats,  3.280  feet  per  second  instead  of  the  maximum  velo- 
city of  3.3005  found  by  Tracy. 

We  find  further  that  38.80  square  feet  x  7.48  gallons  per  foot  x  86.400 
seconds  per  twenty-four  hours  x  3.280  feet  velocity,  gives  82.2  million  gallons 
per  twenty-four  hours. 

Second  Correctiofi — The  velocity  at  the  sides  and  bottom  is  less  than  at 
the  central  path  followed  by  the  floats.  A  study  of  the  distribution  of  veloc- 
ities from  the  centre  to  the  sides  of  the  Sudbury  Conduit  with  4.53  feet 
depth,  shows  that  the  mean  velocity  was  only  92.6  per  cent,  of  the  velocity 
in  the  central  portion  covered  by  the  cross-section  of  this  float.  A  similar 
study  of  the  velocity  in  different  portions  of  the  New  Croton  Aqueduct  at 
7  feet  depth  reported  by  Mr.  Fteley  in  Aqueduct  Commissioners'  Report  of 
1895,  sheet  39,  after  replotting  and  averaging,  snows  mean  velocity  was  92.6 
per  cent,  of  the  velocity  in  that  central  portion  of  cross-section  covered  by 
this  float. 

On  December  16,  1899,  we  secured  by  current  meter  observations  the 
actual  distribution  of  velocities  in  this  Old  Croton  Aqueduct  at  Sing  Sing 
for  this  depth  and  found  that  for  the  area  covered  by  this  float,  4  feet  10  inches 
deep  by  20  inches  wide,  the  velocity  of  water  was  3.234  feet  per  second,  while 
the  mean  velocity  of  entire  cross-section  was  2.962  feet,  which  is  91.6  per 
cent,  of  the  velocity  in  the  central  area  covered  by  this  float. 

The  average  velocity  of  four  floats  was  3.280  feet  per  second,  which,  mul- 
tiplied by  .916,  gives  a  mean  velocity  of  3.004  for  the  entire  section  and  for 
the  distance  from  Sing  Sing  to  High  Bridge. 

We,  therefore,  compute  for  our  final  and  corrected  result — 3.004  feet  per 
second  x  38.80  square  feet  =  116.5  cubic  feet  per  second,  and  116.5  x  7.48 
gallons  per  cubic  foot  x  86.400  seconds  in  24  hours  =  75.3  million  gallons  per 
24  hours,  instead  of  the  85.8  million  gallons  per  24  hours,  found  by  Tracy 
and  Church. 

This  75.3  million  gallons  corresponds  to  values  of  C  ^  126.6  for  R  =■ 
2.338  and  n  =  .0138  in  the  Kutter  formula. 
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The  keepers'  records  for  about  300  successive  days  in  spring,  summer 
and  fall  of  1871  show  depth  very  steady  at  about  6  feet,  averaging  exactly 
6.02  feet  at  Sing  Sing,  6.02  feet  at  Tarrytown,  and  7.83  feet  at  Head  Ciates. 
I  am  inclined  to  believe  that  the  keepers  found  then,  as  now,  depths  an  inch 
or  two  greater  than  as  measured  by  the  engineers,  due  to  each  keeper 
measuring  the  depth  by  plunging  a  pole  to  the  bottom  and  including  the 
wash  at  the  top.  So,  in  the  diagram,  Fig.  43  on  page  167,  to  be  used  for 
obtaining  the  quantity  flowing  from  the  keeper's  record  of  depth,  I  plot  the 
depth  for  this  quantity  of  75.3  million  gallons  at  6  feet  o  inches  at  Sing  Sing, 
and  7.83  feet  at  the  measuring  station  about  600  feet  below  the  Old  Croton 
Dam.  The  corresponding  velocity  in  the  standard  section  from  Sing  Sing 
to  Tarrytown,  which  probably  has  an  area  of  42  square  feet  when  depth 
measured  at  Sing  Sing  is  6  feet,  is  2.804,  instead  of  the  3.004  feet  per  second 
found  for  the  entire  distance  to  High  Bridge. 

The  limit  of  error  in  this  Church-Tracy  gauging  is  probably  less  than 
3  per  cent.    The  possible  errors  are : 

1st.  In  timing  floats.  The  four  floats  started  15  minutes  apart,  were 
689,  689,  686  and  685  minutes — maximum  difference  0.6  per  cent. 

2d.  The  mean  depth  of  water  in  the  aqueduct  cannot  have  been  more 
than  2^  inches  in  error  either  way,  corresponding  to  an  error  in  area  of 
not  over  3  per  cent.,  and  indeed  2  per  cent,  extreme  limit  for  this  is  more 
probable,  and  the  value  of  coefficient  .916  is  shown  to  agree  within  i  per 
cent,  of  the  independent  determinations  in  Sudbury  and  New  Croton  Aque- 
ducts. 

After  a  careful  study  of  this  matter,  I  believe  that  this  Tracy-Church 
gauging,  when  recomputed  as  above  described,  forms  the  best  datum  avail- 
able for  computing  the  amount  of  water  drawn  from  1868  to  1875. 

Second — The  Gould  Gauging. 

The  next  gaugings  are  those  made  at  various  dates  in  the  summer  of 
1884  by  E.  Sherman  Gould,  Civil  Engineer,  then  an  Assistant  Engineer  in 
the  Croton  Aqueduct  Department.  I  can  find  no  reference  to  these  or  to 
the  gaugings  by  Messrs.  Church  and  Tracy  in  the  reports  of  the  Department 
of  Public  Works.  Mr.  Gould  tells  me  that  he  devoted  considerable  time  to 
them,  and  his  reputation  is  a  sufficient  guarantee  that  they  were  accurately 
made.  i 
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In  a  letter  to  me  dated  November  10,  1899,  Mr.  Gould  states  the  method 
and  result  substantially  as  follows: 

At  the  time  of  gauging  he  found  the  depth  at  Sing  Sing,  7  feet  4  inches. 

Tarrrytown,  7  feet  4  inches. 
Yonkers,  7  feet. 
Kings  Bridge,  6  feet  8  inches. 
High  Bridge,  4  feet  5  inches. 

The  greater  falling  off  near  High  Bridge  than  shown  by  the  Tracy- 
Church  gauging  was  perhaps  occasioned  by  new  connections  not  existing 
when  that  gauging  was  niade~and  by  Central  Pork  reservoirs  being  lower  at 
date  of  Gould  gauging.  "  Plainly/'  says  Mr.  Gould,  "  the  only  available 
length  for  proper  measurement  with  floats  was  that  between  Sing  Sing  and 
Tarrytown,  a  distance  of  almost  exactly  5  miles."  Floats  were  made 
of  tin  tubes  about  ij  inches  diameter,  of  lengths  i  foot,  2  feet,  3  feet, 
4  feet,  5  feet  and  6  feet;  ballasted  so  they  floated  upright  and  immersed  to 
almost  the  total  length.  These  were  let  go  near  the  head  of  the  aqueduct 
and  timed  to  High  Bridge  and  all  intermediate  points.  Neglecting  all 
observations  except  those  at  Sing  Sing  and  Tarrytown,  because  of  the  vary- 
ing depth,  the  following  velocities  in  feet  per  second  were  found: 

Surface  float ' 2.68  feet  per  second. 

Float,  I  ft.  deep 2.69 

2  ft.     "    2.74 

3  ft.     "    2.76 

4  ft.     "    2.88 

6  ft.     "    2.93 


"  2  ft.  " 
*'  3  ft.  " 
"      4  ft.     " 


it  tt 

it  tt 

it  tt 

it  <t 

((  it 


Based  on  these,  Mr.  Gould  took  2.90  as  the  probable  mean  velocity  in 
central  plane  from  surface  of  water  to  bottom  of  channel  and  at  first  assumed 
that  the  mean  velocity  through  the  whole  mass  would  be  85  per  cent,  of 
this.  He  would  now  adopt  92  per  cent.,  thus  obtaining  2.67  feet  per  second 
mean  velocity,  and  since  area  of  wet  section  at  this  depth  is  49.19  square  feet, 
Mr.  Gould  now  concludes  that  the  actual  flow  of  the  aqueduct  at  this  time, 
when  the  depth,  7  feet  4  inches,  at  Sing  Sing,  was  the  greatest  that  has  ever 
been  maintained  for  a  long  period,  was  84.8  million  gallons  per  twenty-four 
hours.  From  later  data  I  figure  his  observations  as  making  this  quantity  a 
trifle  less. 

For  determining  the  ratio  of  the  mean  velocity  in  the  entire  aqueduct  to 
the  velocity  by  the  floats,  we  now  have  the  distribution  of  velocities  found  in 
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this  aqueduct  by  the  gaugings  of  October  i6,  1899.    My  own  computation 
of  the  result  of  Mr.  Gould's  several  observations  is  as  follows  : 


Table  No.  14. 

Recomputation  of  E.  Sherman  Gould's  Gauging  of  Flow  in  Old  Croton  Aqueduct, 

Made  in  the  Summer  of  1884, 


Length    of    Gould's 
Float. 


Per  Cent. 

of  Float 

to  Depth 

at  Centre 

(7-33)- 


Surface, 
X  foot.. 

2  feet.. 

3  "  .. 

4  "  •• 
6    *•  .. 


13.6 
97. z 
41.0 

545 
8a. o 


Comparison  with  Distribution  of  Velocity 
Found  in  Old  Aqueduct  by  F.  W.  Watkins' 
Current  Meter  Gaugings  December  i6, 1899. 


Proportional 

Depth  ill 

Section 

Metered 

December 
16,  1899. 
(See  Dia. 

gram,  page 
33). 


Suiface*. .. 
0.80  ft. 
Z.60 
a. 43 
3.ai 
4.84 


Mean  Vel. 

in  Central 

Plane 

for  this 

Depth. 


3.060 

3  "5 
3.170 
3.2a6 
3.373 
^.320 


Mean  Vel. 
in  Whole 

Cross 
Section. 


3.96a 
3.963 
3.96a 
3.963 
2.963 
3.963 


Ratio  of 
Vel.  in 
Whole 

Section  to 

Velocity 
in  Path 

of  Fbat. 


.967 

•947 
•935 
.9x8 

.905 
.919 


Velocity 

of  Float 

Noted  by 

Mr. 

Gould. 


2.68 
3.69 
2.74 
3.76 
3.88 
2.93 


Corresp. 

Mean 

Velocity 

in  Entire 

Section, 

as 
Deduced 

by 
J.F.R. 


a  59 
a. 55 
3.56 

2-54 
9.6x 

a. 69 


Corre- 
sponding 
Million 
Gallons 

per 
a4  riouri. 


82.4 
8x.x 
8X.4 
80.8 
83.0 

85.5 


Giving  the  velocity  by  each  of  the  several  floats  weight  in  proportion  to 
its  per  cent,  of  depth  of  immersion,  I  find,  as  a  mean  value  for  this  series  of 
six  floats  run  by  Mr.  Gould,  that  the  Old  Croton  Aqueduct  then  discharged 
83.1  million  gallons  per  twenty-four  hours,  when  water  at  Sing  Sing  was 
7  feet  4  inches  deep. 

This  corresponds  to  a  value  in  the  Kutter  formula  of  C=ii6.5  for 
R=2.368  and  n=:.oi5. 

The  limit  of  error  in  this  Gould  gauging  appears  probably  not  more 
than  2  per  cent,  or  3  per  cent.  The  maximum  variation  in  float  velocity  from 
mean  is  2^  per  cent.  The  uncertainty  in  mean  area  may  be  2  per  cent., 
due  to  uncertainty  in  mean  depth.  The  coefficient  adopted  for  mean  velocity 
must  be  correct  within  less  than  i  per  cent.,  or  more  probably  one-half  of 
one  per  cent. 

A  study  of  the  daily  records  of  the  three  aqueduct  keepers  day  by  day, 
during  the  summer  of  1884,  shows  that  for  seven  months  the  water  in  aque- 
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duct  was  maintained  steadily  at  the  same  depth  without  substantial  change. 

The  average  of  200  days'  observation  gives : 

Depth  below  Head  Gates 9.43  feet. 

At  Sing  Sing 7.33    " 

At  North  Tarrytown 7.43    " 


Mr.  Gould's  Sing  Sing  depth  was  apparently  taken  at  the  Gate  House 
and  not  at  Snowdon  avenue  ventilator.  The  keeper's  measurements  of  De- 
cember 16,  1899,  show  about  an  inch  more  depth  at  the  Gate  House  than  at 
the  ventilator.  Very  probably  Mr.  Gould,  as  an  engineer,  naturally  ex- 
cluded the  "  wash  "  on  the  measuring  rod,  while  the  keeper  probably  in- 
cluded it  then,  as  now.  I  have  taken  the  gaugings  of  83.1  million  gallons  per 
twenty-four  hours  to  correspond  to  a  depth  of  7.33,  as  observed  and  recorded 
by  the  keeper  at  Sing  Sing. 

The  corresponding  quantity  used  in  the  Aqueduct  Commissioners'  office 
in  1887,  for  computing  the  flow  in  1884  at  the  same  depth  was  99,364,000 
gallons  per  twenty-four  hours;  or  their  assumed  coefficient  of  flow  gave 
16.2  million  gallons  per  day  more  than  Mr.  Gould  found  by  a  series  of  care- 
ful gaugings. 

Third — Gauging  of  Old  Aqueduct  by  Filling  Reservoir. 

The  next  step  in  the  series  of  gaugings  was  the  discovery  reported  to 
me  by  Mr.  Birdsall  that  when  replenishing  a  reservoir  in  Central  Park,  it 
did  not  fill  so  fast  as  the  old  table  of  the  flowing  capacity  mentioned  on  page 
144  called  for,  and  that  this  rough  measurement  showed  that  an  amount 
from  6  per  cent,  to  10  per  cent,  must  be  deducted  from  the  quantities  in  the 
table.  Mr.  Birdsall  thinks  no  record  of  this  gauging  of  the  Old  Aqueduct 
by  Its  discharge  into  the  reservoirs  has  been  preserved.  The  conditions 
existing  in  the  City  from  1875  until  the  completion  of  New  Aqueduct  would 
now  appear  to  have  made  a  high  degree  of  accuracy  impossible  in  thus  meas- 
uring the  flow  of  the  aqueduct  into  the  reservoirs,  because  the  City  was  con- 
tinually demanding  more  water  than  could  be  delivered,  thus  not  permitting 
an  experiment  on  a  large  scale ;  moreover,  shutting  off  of  the  Old  Aqueduct 
was  very  infrequent,  and  the  junctions  of  the  supply  with  the  distribution 
connections  and  gates  at  the  Central  Park  Reservoirs  were  very  complicated, 
and  such  as  to  interfere  with  an  accurate  measurement  of  this  kind. 

The  recent  investigations  show  that  even  this  10  per  cent,  deduction  was 
not  enough. 
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Fanrth — Estimates  Based  on  Sudbury  Coefficient. 

The  next  noteworthy  step  in  computation  of  flow  in  Old  Aqueduct  was 
the  preparation  of  the  estimate  of  yield  of  Croton  Watershed  in  Aqueduct 
Commissioners'  Report  of  1887,  made  by  W.  S:  Church.  In  this,  all  the 
gaugings  above  referred  to,  made  on  this  very  aqueduct,  appear  strangely 
disregarded  and  a  fresh  start  was  made,  not  by  a  new  gauging,  but  by 
assuming  that  the  coefficient  of  iiozij  of  the  Old  Croton  Aqueduct  was  precisely  the 
same  as  that  determined  a  few  years  before  by  Fteley  and  Stearns  for  the 
new  and  clean  Sudbury  Aqueduct  of  Boston. 

Looked  at  in  the  light  of  that  time,  this  may  have  been  natural,  for  the 
Sudbury  presented  the  most  accurate  determination  of  flow  in  a  large  aque- 
duct that  had  ever  been  made.  The  New  Croton  Aqueduct  had  not  then 
been  completed  and  its  smaller  coefficient  of  flow  discovered.  The  strange 
thing  is  that  Mr.  Church  did  not  first  gauge  the  flow  by  a  current  meter  at 
Sing  Sing  in  1887,  just  as  we  did  on  December  16,  1899. 

Comparison  of  Old  Croton  Aqueduct  with  Sudbury, 

In  the  light  of  to-day,  I  consider  it  absolutely  certain  that  a  mistake  was 
made  in  assuming  that  the  old,  uncleaned  Croton  had  so  high  a  coefficient 
of  flow  as  the  new,  clean  Sudbury,  and  that  this  cause  alone  has  led  to  an 
overestimate  of  probably  14  million  gallons  per  day  in  the  yield  of  the  Croton 
Watershed  through  the  great  droughts  of  1880  and  1883,  and  indeed  for  al- 
most the  whole  period  from  1868  to  1887. 

As  is  well  known,  the  discharge  of  the  New  Croton  Aqueduct,  when  new, 
proved  6  per  cent,  less  than  had  been  expected  from  the  experiments  on  the 
Sudbury  x\queduct;  and  recent  information  on  the  effect  of  a  thin  coating  of 
organic  growth,  or  slime,  in  retarding  flow,  proves  conclusively  that  certain 
other  aqueducts,  when  not  recently  cleaned,  convey  10  per  cent,  less  water 
than  the  same  aqueduct  will  carry  after  its  walls  have  been  brushed  clean. 

The  Sudbury  Aqueduct,  built. in  1877,  under  J.  P.  Davis,  A.  Fteley  and 
F.  P.  Stearns,  engineers  who  appreciated  the  great  influence  of  smoothness 
on  delivery,  undoubtedly  had  a  smoother  interior  and  a  better  alignment 
than  the  Old  Croton,  built  in  1847,  before  the  experiments  of  Darcy  had 
brought  the  very  great  importance  of  smoothness  to  the  attention  of  engin- 
eers. Settlements  have  occurred  where  the  Old  Croton  Aqueduct  runs  over 
embankments,  necessitating  a  hasty  patching  of  the  bottom  in  many  places. 
An  examination  of  the  survey  made  by  the  Aqueduct  Commissioners  of  the 
portion  about  three  miles  in  length  between  the  Old  Croton  Dam  and  the 
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New  Croton  Dam  shows  six  long  stretches  aggregating  nearly  one-half  mile 
in  a  total  length  of  about  three  miles,  where  bottom  has  had  a  patch  of 
cement  mortar  and  concrete  from  2  to  3  inches  thick,  and  shows  that  the 
grade  of  the  bottom  frequently  rises  and  falls  3  inches  from  a  straight  line  or 
uniform  slope. 

The  Old  Croton  Aqueduct  was  worked  to  its  utmost  safe  capacity  from 
1875  ^^  1890,  and  was  so  inadequate  to  supply  the  demands  that  there  were 
few  opportunities  to  draw  it  off  for  cleaning.*  The  record  shows  that  the 
following  were  the  only  occasions  on  which  water  has  been  out  of  the  aque- 
duct for  the  thirty-two  years,  January,  1868,  to  December  31,  1899. 

Old  Aqueduct  not  in  Use  (dates  inclusive). 

Water  out  384  days — December  13,  1898,  to  December  31,  1899. 
706        "    — November  7,  1896,  to  October  13,  1898. 
day — April  10,  1896. 

"  zj46  days — July  9,  1894,  to  September  27,  1895. 

1  day — April  19,  1894. 
I         "  — March  29,  1894. 
I         "  — March  11,  1894. 
I         "  — January  28,  1894. 
I         "  — December  10,  1893. 
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*  January  6,  1900,  on  asking  Mr.  Birdsall  more  speciHcally  if  he  had  ever  found  any  organic 
growth  in  the  Aqueduct  which  would  fit  the  description  of  spongilla,  he  tells  me  that  he  has  seen 
the  upper  seven  miles  of  the  Old  Croton  Aqueduct  largely  covered  with  a  deposit  of  organic  matter, 
large  areas  of  this  projecting  an  inch  from  the  inside  of  the  walls  ;  that  half  a  day  after  the  water 
was  withdrawn  this  would  beejin  to  die,  drop  off  and  decay,  and  fi[ive  a  most  offensive  odor. 
That  on  several  occasions  he  had  men  scrape  this  off  and  sweep  the  walls  with  stiff  brooms.  That 
he  has  seen  fragments  caught  at  lower  screens  after  water  became  cold,  which  indicated  that  ice- 
cold  water  killed  the  organic  growth. 

On  February  13,  1903,  I  carefully  questioned  the  keepers  at  Croton  and  at  Sing  Sing  about 
their  recollections  of  deposits  of  slime. 

Mr.  Twigger,  assistant  to  the  keeper  at  Croton  Dam,  who  has  been  employed  at  that  station 
for  about  sixteen  years,  says  that  prior  to  the  opening  of  the  New  Aqueduct,  the  Old  Aqueduct  had 
gone  a  long  time  without  cleaning  ;  that  as  near  as  he  can  recollect  the  deposit  in  the  upper  two 
miles  averaged  fully  ^  inch  thic  k,  or  possibly  a  full  half  inch  thick  on  the  side  walls  below  tne  wate 
line,  and  more  on  the  bottom  ;  that  in  spots  of  considerable  size  it  uas  fully  two  inches  thick — was 
soft  and  slimy,  and  occurred  mainly  in  the  upstream  2  miles  ;  that  they  scraped  it  off  the  side 
walls  with  hoes,  then  swept  the  side  walls  down  with  brooms,  and  then  flushed  out  the  bottom 
with  a  few  inches  of  water  by  opening  the  plug-holes  at  the  culverts  and  pushing  the  rubbish 
along  the  bottom,  either  to  a  plug-hole  or  a  ventilator  opening. 

He  recollects  a  similar  thorough  scraping  and  sweeping  in  1898,  and  another  about  1895. 
Says  he  understands  it  was  the  custom  whenever  aqueduct  was  emptied  for  two  days,  prior  to 
completion  of  New  Aqueduct,  to  send  in  a  large  gang  of  men  to  sweep  and  clean  the  aqueduct,  but 
these  cleanings  did  not  come  often.  Mr.  HolBrook  and  Mr.  Meade  confirm  this  in  a  general  way, 
but  neither  of  them  has  been  on  the  work  so  long  as  Mr.  Twigger,  and  it  will  be  noted  that  the 
Old  Aqueduct  was  not  drawn  off  at  all  between  1885  and  1890.  Mr.  Holbrook  and  Mr.  Twigger 
say  that  walls  of  New  Aqueduct  were  found  clean  when  it  was  drawn  off  in  1895. 
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-May  20,  1893,  to  July  31,  1893. 

-September  30,  1892,  to  November  21,  1892. 

-October  12,  1891,  to  November  18,  1891. 

-September  12  to  15,  1885. 

-November  16  and  17,  1883. 

-November  28  and  29,  1881. 

-May  25  to  2jy  1880. 

-May  8  to  II,  1878. 

-May  7  to  10,  1877. 

-November  23  and  24,  1875. 

-November  10  to  12,  1873. 

-September  7  and  8,  1872  ("  Cleaning  Aqueduct  "). 

-April  15  and  16,  1872. 

-December  28,  1872. 

-December  31  to  January  2,  1872-3. 

-November  30  to  December  4,  1869. 

-April  4  and  5,  1868. 

-November  10  to  13,  1868. 

For  substantially  all  the  time  from  July,  1874,  to  June,  1890,  the  water 
was  about  7  feet  6  inches  deep  at  Tarrytown,  or  within  1 1  inches  of  top  of 
arch,  and  over  the  high  embankments  where  settlement  had  occurred,  was 
probably  entirely  full.  In  1868  it  ran  at  about  5  feet  8  inches,  and  the  depth 
was  from  time  to  time  increased  to  6  feet  4  inches  in  1872,  and  7  feet  in  1873. 
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Watkins'  Gauging — Old  Aqueduct. 

In  view  of  the  importance  of  this  question  of  the  rate  of  flow  of  the  Old 
Croton  Aqueduct  to  a  correct  estimate  of  the  water  that  has  actually  run  off 
from  the  Croton  Watershed  in  the  past  thirty  years,  and  particularly  its  yield 
in  droughts,  Mr.  G.  W.*  Birdsall,  Chief  Engineer  of  Water  Supply,  at  my 
urgent  request,  very  kindly  had  the  Old  Aqueduct  filled  and  run  at  depths 
as  measured  at  Sing  Sing,  of  from  4  feet  to  6  feet  on  December  14,  15  and  16, 
1899,  and  Mr.  Alfred  Craven,  Acting  Chief  Engineer,  very  kindly  detailed 
Assistant  Engineer  F.  W.  Watkins  (who  had  made  all  the  current  meter 
gaugings  on  the  New  Aqueduct  in  1892)  to  gauge  its  flow.  Mr.  Birdsall  had 
previously  given  orders  to  have  all  obstructions  removed  from  inside  the 
Aqueduct,  and  we  understand  that  it  had  been  thoroughly  inspected  and  the 
walls  and  invert  cleaned  since  last  in  use. 
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I  regret  not  to  have  had  the  opportunity  to  walk  through  the  Aqueduct 
the  entire  distance  from  the  head  to  Tarrytown,  to  make  careful  notes  on 
condition  of  interior  surface  and  obstructions.  I  did  make  a  hasty  personal 
examination  of  the  walls  for  a  short  distance  at  three  points;  namely,  for  500 
feet  near  the  head  gates,  near  the  Sing  Sing  ventilator  and  at  Sing  Sing 
Kill,  and  found  the  side  walls  and  the  arch  free  of  slime  and  clean,  but  with 
the  joints  in  some  cases  a  little  more  rough  than  they  would  be  on  new  work 
to-day.  The  aqueduct  had  been  out  of  use  in  supplying  the  city  for  a  year. 
The  invert  had  been  covered  with  from  i  to  2  feet  in  depth  of  water  for  sup- 
plying the  contractors  at  the  new  dam  and  the  prison  at  Sing  Sing.  I  found 
that  somewhere  from  one-fourth  to  one-tenth  of  its  submerged  area  was 
covered  with  patches  of  soft  organic  growth  about  i  inch  thick,  these  patches 
averaging  say  3  or  4  inches  in  diameter,  and  there  were  also  some  few  small 
fragments  of  gravel  and  plaster  on  the  bottom.  From  what  little  I  saw  of  it  I 
should  expect  the  coefficient  of  roughness  would  be  somewhat  more  than  for 
the  Sudbury  "  when  fairly  clean."  The  aqueduct  had  been  empty  for  a  year, 
except  for  the  foot  or  two  of  water  in  the  bottom,  and  being  well  ventilated 
all  along,  any  slime  on  the  walls  would  naturally  have  mostly  dried  and 
peeled  off,  even  if  not  brushed  off.  For  some  months  prior  to  our  gauging 
there  had  been  a  gap  cut  through  the  Old  Aqueduct  on  the  site  of  Jerome 
Park  Reservoir  to  facilitate  work  with  the  contractor's  railroad,  and  there- 
fore the  water  could  not  be  run  through  the  entire  length  to  Central  Park. 
During  our  gauging  the  water  was  wasted  through  the  large  drain  pipe  at 
Van  Cortlandt  Park,  a  point  about  eighteen  or  twenty  miles  downstream 
from  our  gauging  station  at  Sing  Sing;  and  it  appears  certain  that  no  irregu- 
larities of  flow  could  have  been  produced  so  far  upstream  as  our  gauging 
station,  or  at  Tarrytown  five  miles  below  the  gauging  station,  because  of  the 
water  not  passing  through  the  entire  length  of  the  Aqueduct.  I  personally 
made  a  careful  measurement  of  depth  at  Tarrytown  Gate-house  and  at  Sing 
Sing,  while  the  gaugings  at  4.61  feet  depth  were  in  progress,  and  found  the 
depths  and  slope  substantially  normal. 

Current  Meter, 

The  gauging  was  made  with  the  current  meter  of  Mr.  A.  Fteley,  Chief 
Engineer  of  Aqueduct  Commissioners,  the  same  instrument  shown  on  plate 
No.  47  of  Aqueduct  Commissioners'  report  of  1895.  Its  rate  was  carefully 
determined  November,  1899,  about  three  weeks  before  these  gaugings,  by 
an  assistant  engineer  of  the  Metropolitan  Water  Board  at  the  station  used 
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for  rating  the  Sudbury  and  Wachusett  current  meter,  by  moving  it  through 
still  water  at  a  variety  of  speeds.  The  58  observations  made  in  rating  it  fall 
well  in  line,  the  most  divergent  within  the  limits  of  the  Croton  velocities 
being  not  more  than  one-third  of  i  per  cent,  away  from  the  mean  line,  while 
the  general  coincidence  is  much  closer. 

The  same  current  meter  was  rated  carefully  prior  to  the  original  gaug- 
ings  in  1891,  and  again  rated  at  their  close  in  1893,  and  possibly  at  interven- 
ing times.    The  rating  in  1893  was  by  Mr.  R.  A.  Hale  at  Lawrence,  Mass. 

Selecting  for  purpose  of  comparison  a  point  in  these  rate  curves  which 
fairly  represents  the  actual  average  condition  under  which  the  current  meter 
was  used,  for  example,  with  the  meter  indicating  3.500  rev.  per  second,  the 
several  ratings  compare  as  follows: 

Dec.  14,  1891,  velocity  by  meter,  3.500  rev.  per  sec,  act.  vel. .  3.00   ft.  p.  s. 

June  13,  1893,  after  slight  injury,  3.500  rev.  per  sec,  act.  vel. .  2.89    ft.  p.  s. 

June  28,  1893,  after  readjustment,  3.500  rev.  per  sec,  act.  vel. .  3.03    ft.  p.  s. 

Nov.  16,  1899,  velocity  by  meter,  3.500  rev.  per  sec,  act.  vel. .  2.950  ft.  p.  s. 


For  3.500  revolutions  actual  distance,  mean  of  above  =  2.97   feet. 

Since  each  series  of  experiments  was  reduced  by  the  rating  made  at 
about  the  same  time,  and  considering  that  these  different  ratings  quoted 
above  were  made  by  different  observers  at  different  localities,  we  appear 
justified  in  regarding  the  error  in  rate  of  meter  as  safely  inside  one  per  cent. 

Ganging  Station,  Old  Aqueduct. 

The  Sing  Sing  ventilator  building  near  Snowdon  avenue  was  the  loca- 
tion selected  by  me  for  gauging  the  Old  Aqueduct  in  1899,  mainly  because 
the  gap  6  feet  long  in  arch  over  Aqueduct  at  this  point  gave  a  convenient 
place  to  introduce  the  meter,  and  also  because  this  was  stated  by  the  Aque- 
duct Keeper  at  Sing  Sing  to  be  the  place  where  the  "  Sing  Sing  depth  "  has 
always  been  measured,  and  because  this  depth  at  Sing  Sing  has  always  been 
the  standard  for  estimating  the  volume  of  water  flowing.  On  account  of 
the  patch  on  the  bottom  at  this  point,  it  would  be  better  for  any  future  work 
to  construct  a  gauging  station  at  some  point  nearby  where  the  depth  is 
exactly  normal. 

Prior  to  the  gauging,  the  small  recesses  in  the  side  walls  of  aqueduct  at 
this  locality  were  filled  flush  with  brick  laid  in  cement.  The  method  fol- 
lowed in  gauging  was  very  much  the  same  as  that  described  for  the  New 
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SECTION  OF  OLD  CROTON  AQUEDUCT 

at 
SQUARE  VENTILATOR  HOUSE -SNOWDON  AVE. 

SING  SING,  N.Y. 

from  measurements  made  by  F.  W.  Watkins,  C.  E.  Ass't.  Eng'r.  Aq.  Com.  Dec.  1 899. 
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GAUGING  OF  FLOW  IN  OLD  CROTON  AQUEDUCT 

December  15-16, 1899. 

NOTE  -  At  this  tim«  the  side  walls  of  Aqueduct  were  said  to  be  clean  and  free  from 
•lime.  The  Aqueduct  had  been  out  of  use  for  nearly  a  year,  but  with  about  1  foot  depth 
of  water  left  flowing  in  bottom  for  supply  of  prison  at  Sing  Sing,  Etc.    Some  patches 
of  slime  were  found  on  bottom  near  Head.     The  small  dams  in  bottom  of  Aqueduct 
are  said  to  have  been  removed  prior  to  this  gauging. 

Observations   by  F.  W.  Watkms.  C.  E. 
■  Q     Computations  **  J.  R.  Freeman,  C.  E. 
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RIBUTION  OF  MEAN  VELOCITIES  in  the  several  Vertical  Sections 

the  nnean  velocity  in  the  vertical  plane,  according  to  curves  plotted  belovJT 
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Aqueduct,  except  that  the  pendulum-like  motion  of  the  meter  rod  along 
guide  curves  could  not  be  followed,  because  the  roof  interfered  with  pivot. 
The  area  was  divided  into  **  squares  "  of  approximately  equal  area,  and  the 
meter  was  held  in  the  centre  of  each  square  with  the  register  held  in  gear  for 
exactly  one  minute  and  then  withdrawn  and  read.  The  meter  was  then  put 
into  the  next  square  and  the  operation  of  velocity  measurement  repeated. 
The  mean  velocity  was  integrated  by  plotting  curves  and  was  also  checked 
by  taking  a  direct  average  of  the  velocities  measured  in  all  the  squares. 
The  plottings  and  the  agreement  of  the  mean  curves  of  the  several  series 
are  all  very  satisfactory;  and  the  accuracy  of  the  final  result  in  cubic  feet 
per  second,  or  gallons  per  twenty-four  hours  flowing  in  the  aqueduct,  was 
apparently  made  certain  within  i  per  cent. 

Figs.  37-41,  inclusive,  illustrate  the  method  of  measurement  and  the 
results.  The  curves  of  distribution  of  velocity  are  of  interest,  because  of 
proving  the  relation  of  the  velocity  in  the  central  vein  occupied  by  the  floats 
of  Tracy  and  Gould  to  the  main  velocity  of  the  entire  section. 

Summing  up  the  results  briefly,  we  find : 

Table  No.  15. 
F.  IV,  Watkins'  Gauging  of  Old  Aqueduct^  Dec.  14,  15  and  16,  iSpg, 

Distribution  of  Velocity^  etc. 
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Depth  in 
Centre  of 
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o{  Me.er. 


3  75 
4.62 

5.90 


Corresponding 
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Aqueduct 

Keeper 

at  Sing  Sing. 


3  89  feet. 

4.7s     " 
6.04     " 


Correspond- 

Correspond- 

Probable 

ing 

Mean 

ApDroximate 
Velocity 

Cubic 

ing  Million 
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How  with 

Average 

Velocity 
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Walls  in 

Depth  in 

by 

by  Direct 

per  Second 

per  24  Hours, 

Ordinal  y 

Aqueduct 

Integrating 

Average  of 

from 

Aqueduct 

Condition  of 

Standard 

Curvfs. 

Observations. 

Curves. 

Fairly 

Use  (less  ^^), 

Section. 

Clean. 

Mil.  Gals. 

3-97 

a.697 

2.721 

69.x 

44.7 

425 

4.83 

3.833 

2.874 

90.7 

58.6 

55-7 

6.1a 

2.962 

2-995 

123.8 

79-4 

75-4 
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Probable  Effect  of  Slime  in  Retarding  Flow  in  Old  Croton  Aqueduct. 

The  Old  Aqueduct  was  fairly  clean  at  the  time  of  these  gaugings  by 
Mr.  Watkins  in  December,  1899,  ^^d,  therefore,  would  surely  convey  more 
water  for  a  given  depth  than  after  being  in  constant  use  for  a  long  term  with- 
out cleaning.  Experiments  on  the  aqueduct  carrying  the  water  of  the  Sud- 
bury river  to  Boston  demonstrate  that  this,  when  not  cleaned  for  a  year,  con- 
veys about  10  per  cent,  less  water  than  it  will  carry  at  same  depth  imme- 
diately after  having  its  walls  and  invert  swept  clean. 

Experiments  upon  the  Wachusett  Aqueduct  carrying  the  water  of  the 
South  Branch  of  the  Nashua  river  eight  miles  toward  Boston,  give  substan- 
tially the  same  figure  of  10  per  cent,  as  the  reduction  in  delivery  at  a  given 
depth  caused  by  a  year's  slime,  and  recent  experiments  made  upon  the  New 
Croton  Aqueduct  prove  that  during  the  91-2  years'  constant  use  without 
cleaning,  since  it  was  first  gauged,  its  carrying  capacity  has  fallen  off  about 
14  per  cent,  mainly  in  the  upper  portion. 

Spongilla  and  algae  of  various  kinds  doubtless  breed  more  rapidly  in 
some  fairly  clean  waters  than  in  others,  and  they  might  be  expected  to  breed 
more  rapidly  in  the  Croton  water  than  in  the  Sudbury  water  which  comes 
mainly  from  reservoirs  that  have  had  all  turf  and  organic  matter  removed. 
I  consider  that  at  the  most  moderate  estimate  we  should  deduct  from  our 
gaugings  of  December  14,  15  and  16,  1899,  in  the  Old  Aqueduct,  at  least  5 
per  cent.,  to  allow  for  the  aqueduct  being  so  much  cleaner  then  than  its  aver- 
age condition  during  the  long  period  prior  to  1891  for  which  we  are  trj-ing  to 
compute  its  flow  or  delivery.  At  the  highest  portion  of  the  curve  on  the 
diagram  of  discharge  (see  Diagram  No.  43),  I  deduct  8  per  cent.,  thus  bring- 
ing the  liiie  down  to  within  3  per  cent,  of  the  Gould  gaugings  of  1884.  I  am 
held  back  from  drawing  the  line  quite  as  low  as  the  Gould  gaugings  by  the 
desire  to  depart  no  further  from  the  previous  published  estimates  by  Mr.  W. 
S.  Church  in  the  Aqueduct  Commissioners'  Report  than  new,  convincing 
evidence  strictly  demands,  and  have  gone  above  the  Gould  experiments  to 
the  full  extent  that  the  consideration  of  the  possible  error  of  3  per  cent,  stated 
on  page  148  will  admit,  and  it  will  be  seen  that  in  the  final  curve  on  Diagram 
No.  43,  this  is  offset  by  drawing  the  line  about  an  equal  amount,  or  to  the 
limit  of  probable  error,  below  the  Tracy  and  Church  gauging.  It  appears  safer 
to  adhere  closely  to  the  data  thus  actually  derived  from  the  Old  Croton  Aque- 
duct itself  when  in  the  actual  customary  condition  of  use,  than  to  be  drawn  to 
one  side  by  the  data  obtained  from  other  aqueducts  with  possibly  obscure, 
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but  important,  differences  in  the  circumstances.    The  data  from  other  aque- 
ducts, as  later  appears,  are  relied  upon  only  for  confirmation. 

Depths  in  Old  Aqueduct  as  Recorded  by  the  Keepers, 

These  depths  from  the  earliest  records  all  along  to  the  present  time  have 
been  crudely  measured,  and  considering  that  these  form  the  sole  basis  of 
measurement  of  consumption  of  water  by  the  City,  no  suitable  or  proper 
facilities  have  been  provided  for  helping  the  keepers  to  accurate  measure- 
ments. The  best  facilities  are  found  at  the  measuring  station  about  600  feet 
below  Croton  Dam,  and  the  height  recorded  here  by  the  keeper  should, 
according  to  the  means  of  meaurement  provided,  ordinarily  be  correct  within 
an  inch,  at  most.  The  arrangement  here  consists  of  a  3-inch  vertical  wrought 
iron  pipe,  nearly  16  feet  long,  standing  in  the  middle  of  the  aqueduct,  reach- 
ing from  near  the  bottom  of  the  aqueduct  up  through  the  top  of  a  man-hole 
cover  at  the  surface  of  the  ground.  A  16-foot  wooden  pole,  rather  dimly 
marked  in  inches,  is  run  down  through  this  pipe  until  it  rests  on  the  bottom 
of  the  aqueduct  and  is  then  withdrawn  and  note  made  of  the  height  to  which 
the  water  has  wet  the  pole.  The  object  of  the  wrought-iron  pipe  is  to  prevent 
the  current  of  about  3  feet  per  second  from  bending  or  breaking  the  pole 
and  to  shield  the  pole  from  the  '*  wash  "  of  the  current  which  would  other- 
wise force  the  water  up  on  the  upstream  side  of  the  pole  nearly  2  inches  above 
its  true  level.  I  found  that  when  the  depth,  as  carefully  measured  by  the  pole 
slowly  lowered  into  the  pipe,  was  7  feeet  5^  inches,  the  depth  measured  out- 
side the  pipe — the  true  depth — was  7  feet  6^  inches,  thus  showing  what 
one  would  expect,  that  the  current  past  the  end  of  the  pipe  produces  a  suc- 
tion which  lowers  the  level  of  the  water  within  the  pipe  nearly  an  inch.  On 
the  other  hand,  there  is  a  little  oscillation  within  the  pipe  and  the  ordinary 
rapid  lowering  of  the  rod  into  the  pipe  tends  to  cause  more  oscillation,  and 
if  the  opening  at  bottom  is  not  very  free,  the  displacement  of  water  by  the  rod 
may  momentarily  raise  the  water  level  in  the  pipe.  I,  therefore,  think  it  prob- 
able that  the  water  mark  on  the  rod  will  be  ordinarily  carried  up  to  just  about 
the  iactual  level  of  the  water  in  the  aqueduct.  The  record  is  made  only  to 
the  nearest  inch.  From  studying  this  record  of  depth  inside  aqueduct  near 
its  head  in  comparison  with  depth  in  Croton  Lake  at  times  in  years  widely 
apart  when  head  gates  were  wide  open,  I  am  led  to  have  confidence  in  the 
accuracy  of  the  record  of  depths  in  head  of  old  aqueduct  and  had  hoped  to 
use  them  in  computing  the  flow,  as  a  check  on  the  Sing  Sing  depth, 
because  of  their  apparent  superior  precision,  but  find  frequent  discrepancies 
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of  6  inches,  or  sometimes  a  foot,  between  the  depth  at  the  head  and  depth 
at  Sing  Sing,  after  allowing  for  the  difference  in  grade  of  aqueduct,  which  can 
only  be  explained  by  supposing  some  variable  obstruction  between  the  head 
and  Sing  Sing;  such,  for  example,  as  a  deposit  of  dead,  water-logged  leaves 
in  the  slower  current  of  the  deep  section  near  the  head,  or  a  variable  growth 
of  slime  or  spongilla  on  its  walls.  The  comparison  of  depths  in  old  aqueduct 
at  Croton  and  Sing  Sing  thus  turns  out  to  be  more  available  as  a  rough  indi- 
cation of  cleanness  of  aqueduct  than  as  a  check  upon  accuracy  of  measure- 
ment. With  the  aqueduct  clean,  as  on  December  i6,  1899,  the  relation  of 
depth  at  head  to  depth  at  Sing  Sing  appears  entirely  normal  and  reasonable, 
and  gives  the  same  coefficient  of  flow  as  the  downstream  portion  of  the  aque- 
duct after  allowing  properly  for  the  different  grade  of  bottom  of  aqueduct 
near  the  head. 

In  this  connection  it  is  of  special  interest  to  note  that  the  loss  of  head 
between  the  Croton  and  Sing  Sing  gauges  appears  by  the  records  frequently 
to  be  6  inches  greater  in  September  and  October  than  in  the  preceding  May 
and  June.  This  does  not  occur  in  every  year,  and  the  measurements  are  not 
precise  enough  to  warrant  any  very  positive  deductions.  A  plotting  of 
groups  of  these  observations  w'ill  be  found  at  the  bottom  of  Diagram  No.  43. 
This  shows  that  the  Church  and  also  the  Gould  gaugings  found  the  aqueduct 
in  its  ordinary  condition  of  friction  loss. 

Measurements  of  Depth  in  Old  Croton  Aqueduct  at  Sing  Sing, 

The  depth  at  Sing  Sing,  which  has  always  been  the  standard  for 
computing  the  flow,  has  always  been  measured,  as  I  am  told  by 
the  present  keeper,  "  so  far  as  he  knows,"  at  the  ventilator  house  near 
Snowdon  avenue.  Within  this  house  the  aqueduct  is  open  at  the  top  for  6 
feet  in  length  and  for  its  entire  width.  The  measurement  is  made  by  plung- 
ing a  stiff  pole  down  into  the  aqueduct  near  its  middle,  then  withdrawing 
it  and  measuring  to  the  height  of  the  water  mark  left  on  the  pole.  There  is 
no  pipe  here,  as  at  the  head,  to  avoid  the  wash  of  the  current  or  to  serve  as 
a  guide.  By  watching  the  keeper  take  his  measurement  and  then  taking  a 
careful  measurement  myself,  by  first  running  the  pole  to  the  bottom  and 
marking  its  top  on  the  walls  of  the  building  and  then  withdrawing  the  pole 
until  its  bottom  just  skipped  along  the  surface  of  the  water  in  and  out  of  the 
little  waves  half  the  time  each,  and  then  marking  the  pole  again  and  measur- 
ing between  the  two  marks,  thus  getting  the  depth  free  of  disturbance  by 
waves  or  current,  I  found  the  depth  0.14  feet,  or   if  inches,  less  than 
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recorded  by  the  keeper.  The  surface  velocity  shown  by  the  current  meter  was 
subsequently  found  to  be  2.95  feet,  for  which  the  hydraulic  head  is  0.135  feet, 
thus  confirming  the  extra  height  or  error  found  to  be  caused  by  including 
"  the  wash  of  the  current "  in  the  measurement  on  the  pole  made  in  the  cus- 
tomary manner.  I  am  credibly  informed  by  certain  members  of  the  Engineer 
Corps  that  they  have  noticed  other  measurements  of  depth  by  the  keepers 
along  the  aqueduct  in  which  an  error  of  from  4  to  6  inches  was  made  by  lack 
of  care  to  plaice  the  pole  plumb,  and  in  the  middle  of  the  invert. 

This  crudeness  and  carelessness  is  to  be  charged  up  more  against  the 
superiors  who  fail  to  provide  proper  facilities  than  against  men  who  do  not 
understand  the  importance  of  making  these  measurements  with  precision. 

This  Snowdon  avenue  ventilator  is  at  the  middle  of  an  embankment 
about  300  feet  long,  of  about  1 5  feet  height  from  natural  surface  to  bottom 
of  aqueduct.  As  at  nearly  all  sections  of  the  Old  Aqueduct  built  on  embank- 
ments, the  aqueduct  has  settled  here,  its  sides  have  spread,  the  arch  has  set- 
tled, and  the  bottom  of  aqueduct  has  cracked  and  been  patched.  This  patch, 
as  found  by  Mr.  Watkins,  by  measurements  taken  in  connection  with  his 
gauging,  is  apparently  3^  inches  thick  at  the  middle  and  thus  lessens  the 
depth  in  aqueduct  at  this  point.  I  have  no  information  as  to  when  this 
patch  was  put  in,  but  assume  it  has  been  there  many  years. 

A  relatively  small  proportion  of  the  whole  aqueduct  rests  on  embank- 
ment and  the  depth  in  the  average  standard  section  will  probably  be  greater 
than  the  depth  measured  by  the  keeper  at  this  point  by  the  following 
amount : 

Diminution  of  depth  caused  by  patch  on  invert 3^  inches. 

Less  assumed  settlement  of  invert,  about i  inch. 

2j  inches. 
Excess  of  measurement  caused  by  wash  on  rod,  about i^  inches. 

Net  excess  of  average  depth  in  aqueduct  near  Sing  Sing  over 

depth  as  measured  by  keeper,  about i  inch. 


The  keeper's  record  of  depth  will,  because  of  including  the  wash  on  rod, 
apparently  be  0.14  feet  greater  than  the  same  depth  as  accurately  measured 
by  Mr.  Watkins. 
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Depth  in  Old  Aqueduct  at  Tarrytozu^i, 

This  is  of  interest  as  a  check  on  the  depth  recorded  at  Sing  Sing  and 
for  showing  that  for  this  five  miles  at  least  the  hydraulic  grade  follows  the 
grade  of  the  bottom  of  the  aqueduct.  The  depth  recorded  three  times  daily 
in  the  record  book  (as  I  am  told  by  the  keeper,  Mr.  Hylands),  is  measured 
inside  the  gate-house  by  running  a  stiff  pole  down  in  the  west  side  of  the 
aqueduct  to  the  edge  of  the  invert  at  the  small  recess  about  2  or  3  feet 
upstream  from  the  gate  and  measuring  to  the  top  of  the  water-mark  left  on 
the  pole  and  adding  7  inches  to  allow  for  depth  of  centre  of  invert  below  edge 
of  invert.  It  is  said  that  formerly  the  depth  was  measured  at  the  middle  of 
the  aqueduct  in  the  same  manner,  but  a  plank  floor  has  been  laid  over  the 
main  opening,  which  now  prevents  this.  I  found  on  removing  two  of  these 
planks  and  carefully  running  a  pole  to  the  bottom,  marking  its  top  on  the 
gate-house  wall  and  then  carefully  raising  the  pole  until  its  bottom  just 
skipped  along  the  surface,  half  the  time  in  and  half  out  of  the  little  waves, 
that  the  depth  was  4  feet  8.5  inches.  The  keeper's  record  at  same  time  gave 
4  feet  lo.o  inches,  showing  an  excess  of  i^  inches  mainly  due  to  wash  of 
waves  on  the  pole  raising  the  water-mark,  and  partly  due  probably  to  the 
point  touched  by  bottom  of  rod  not  being  exactly  7  inches  above  bottom  of 
invert. 

In  former  years  when  pole  was  plunged  down  in  the  middle,  the  "  wash  " 
due  this  surface  velocity  would  be  about  if  inches,  so  on  the  whole,  we 
conclude  that  the  true  average  depth  in  standard  section  is  about  i^  inches 
less  than  shown  by  the  keeper's  records. 

Mr.  Hylands,  the  keeper,  tells  me  there  is  no  patch  on  bottom  of 
aqueduct  at  this  point  and  no  sign  of  settlement  and  that  it  is  without  doubt 
at  standard  grade,  but  says  that  over  the  high  embankment  immediately 
south,  the  whole  aqueduct  has  settled  about  6  inches,  or  perhaps  more,  so 
that  when  dry  at  the  gate,  the  water  over  the  high  embankment  stands  half 
way  up  to  the  knees  as  one  walks  through. 

These  questions  of  exact  depth  are  important  for  computing  flow  in  this 
aqueduct  with  all  possible  accuracy  from  the  keeper's  record  and  for  com- 
puting the  flow  by  comparison  with  the  gauging  of  other  aqueducts. 
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Old  Aqueduct  Flow  Computed  from  Coefficient  Found  in  Other  Aqueducts. 

As  already  stated,  the  safest  values  for  our  use  are  those  derived  from 
the  Old  Croton  itself,  but  it  is  desirable  to  confirm  these  by  the  results  found 
in  other  similar  structures,  particularly  as  we  are  departing  from  the  esti- 
mates issued  some  years  ago  under  the  authority  of  the  Aqueduct  Com- 
mission. 


First — Comparison  with  New  Croton  Aqueduct. 

This  must  be  regarded  as  probably  having  a  coefficient  of  flow  appli- 
cable to  the  Old  Croton  with  more  accuracy  than  that  of  any  other  structure 
on  which  data  are  now  available,  because  it  is  filled  with  water  from  the  same 
source,  and  therefore  subject  to  the  same  organic  growths  and  same  accumu- 
lations of  dead  leaves.  Its  smoothness  of  walls  when  clean,  and  therefore  its 
coefficient  of  flow,  is  probably  as  a  whole  not  very  different;  because, 
although  brick  lining  laid  in  the  darkness  and  crowded  space  of  a  tunnel 
cannot  be  laid  quite  so  smooth  and  true  to  line  as  by  daylight  in 
a  "  cut  and  cover"  aqueduct,  the  New  Croton  was  built  under  the  super- 
vision of  Mr.  Fteley  and  others  who  were  keenly  awake  to  the  influence  of 
smoothness  on  flow,  and  when  first  gauged,  it  was  a  new  structure,  free  from 
any  defects  of  alignment,  settlements  or  projecting  patches  like  those  in  the 
Old  Croton  and  its  line  contained  far  less  curvature. 

The  New  Croton  was  first  gauged  in  October,  1891,  and  gaugings  of 
flow  repeated  at  intervals  until  the  spring  of  1893.  I  am  told  that  the  earliest 
gauging  was  made  i^  years  after  the  aqueduct  was  first  put  in  use  (these 
gaugings  are  described  in  Aq.  Com.  Rept.  1895,  p.  94).  So  far  as  I  can  learn, 
its  walls  were  not  scraped  and  swept  just  before  the  gauging,  but  so  far  as  is 
now  known,  they  were  fairly  clean.  The  gauging  was  beyond  all  question 
very  accurate,  and  the  error  of  the  final  values  adopted  for  quantity  flowing 
at  a  given  depth  was  probably  less  than  one  per  cent. 

Second — Comparison  with  the  Dorchester  Bay  Tunnel. 

(On  the  Boston  Improved  Sewerage  Works,) 

This  comparison  is  of  interest  because  of  the  whole  interior  surface 
of  this  tunnel  being  in  contact  with  the  current,  since  the  gaugings  on  the 
New  Croton,  the  Sudbury  and  the  Wachusett  Aqueducts  and  our  gaugings 

II 
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of  1899  on  the  Old  Croton,  are  all  with  depths  relatively  only  about  half  as 
great  as  that  used  in  the  Old  Croton  all  the  time  from  1875  to  1890. 

This  Dorchester  Bay  Tunnel  was  built  under  the  excellent  engin- 
eering supervision  of  Jos.  P.  Davis,  Eliot  C.  Clark  and  F.  P.  Stearns.  It  is 
lined  with  brick  with  smoothness  of  joints  probably  much  the  same  as  those 
on  the  New  Croton,  ^ince  it  was  built  under  the  ordinary  diflSculties  of  tunnel 
work  and  with  a  rather  leaky  roof,  and  therefore  doubtless  less  smooth  than 
the  Sudbury. 

It  was  gauged  some  months  after  having  been  filled  with  very  dilute, 
screened  sewage  moving  at  slow  velocity.  This  dilute  sewage  had  first 
passed  through  large  sedimentation  galleries. 

The  tunnel  is  said  to  have  been  flushed  out  at  from  2  to  3  feet  velocity 
once  in  two  weeks,  and  at  the  time  of  the  gaugings  here  used  for  comparison 
the  sewage  was  further  diluted  by  three  times  its  volume  of  salt  water  from 
Dorchester  Bay.  It  is  therefore  probable  that  the  fact  that  this  tunnel  carried 
salt  water  and  sewage,  instead  of  clean,  fresh  water,  did  not  materially  aflfect 
its  coeflScient  of  flow,  and  its  walls  were,  I  think,  probably  less  coated  with 
slime  than  those  of  the  upper  portions  of  the  Old  Croton  Aqueduct  in  1899. 
The  results  are  quoted  here  only  for  the  purpose  of  comparison,  and  to  illus- 
trate the  effect  of  increasing  the  proportion  of  wet  perimeter  upon  coefficient 
of  flow. 

Third — Comparison  with  the  Sudbury  Aqueduct  of  Boston. 

This  has  already  been  referred  to  on  page  150.  Without  doubt  this  has 
been  the  subject  of  more  accurate  gauging  and  testing  than  any  other  large 
aqueduct  in  the  world.  It  was  constructed  in  the  full  light  of  the  influence 
of  smoothness  on  carrying  capacity  under  ^Ir.  Joseph  P.  Davis,  as  Chief 
Engineer,  Alphonso  Fteley,  as  Resident  Engineer,  and  Mr.  F.  P.  Stearns, 
as  Assistant  Engineer,  and  has  been  cared  for  and  operated  for  many  years, 
and  frequently  cleaned  and  regauged,  under  the  supervision  of  Mr.  Desmond 
Fitzgerald,  four  of  the  most  eminent  hydraulic  engineers  in  this  country. 

As  already  stated,  the  Old  Croton  has  without  doubt  a  smaller 
coefficient  of  flow  than  the  Sudbury,  but  the  Sudbury  Aqueduct  experiments 
are  exceedingly  instructive  for  comparison,  particularly  the  observations 
made  on  effect  of  slime  in  reducing  carrying  capacity,  which  are  more  fully 
described  on  page  175. 
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Fourth — Comparison  with  the  Wachusett  Aqueduct. 

This  is  the  New  Aqueduct  of  300  million  gallons  capacity  per  day,  con- 
structed in  1896-7  for  the  additional  supply  of  the  Boston  Metropolitan  Dis- 
trict. It  is  lined  with  brick  laid  with  especial  care  to  obtain  smoothness  of 
surface  and  accuracy  of  alignment.  The  final  studies  for  adjustment  of 
observations  and  determination  of  its  laws  of  flow  have  not  been  made,  but 
I  am  kindly  permitted  by  Mr.  F.  P.  Stearns,  Chief  Engineer,  to  state  that  its 
coefficient  of  flow  when  new  and  clean  was  found  to  be  about  4  per  cent, 
greater  than  that  of  the  Sudbury;  and  that  after  being  in  use  a  year  without 
cleaning,  the  flow  for  a  given  depth  was  found  to  be  about  10  per  cent,  less 
than  when  new;  and  that  on  then  withdrawing  the  water  and  sending  men 
through  it  armed  with  stiff  brooms  and  scrapers  and  brushing  its  walls  and 
invert  fairly  clean  and  then  refilling  and  testing  it,  the  coefficient  of  flow 
came  back  very  nearly  to  the  original  figure.  The  coating  of  organic  mat- 
ter or  "  slime  "  on  its  walls  appeared  when  the  water  was  drawn  off  to  be 
only  about  i -16  of  an  inch  in  thickness. 

In  Figure  42  are  outline  sketches  showing  comparative  dimensions  and 
water  levels  for  several  aqueducts;  from  which  it  will  be  seen  that  the  pro- 
portion of  wetted  perimeter  was  larger  in  the  Gould  experiments  on  the  Old 
Croton  Aqueduct,  as  commonly  used,  than  in  the  others,  excepting  the  Dor- 
chester Bay  Tunnel,  which  flowed  full. 

To  compare  the  coefficient  of  flow  in  the  Old  Croton  with  that  found 
in  these  other  brick-lined  aqueducts,  and  thus  satisfy  ourselves  of  the  reason- 
ableness of  the  values  adopted  in  the  final  curve  of  Diagram  No.  43,  the 
following  comparison  is  made: 

We  take,  first,  the  case  corresponding  to  the  Tracy  gaug- 
ing, where,  by  the  keeper's  record  at  Sing  Sing,  depth  is ... .       6.0  ft. 
Correcting  for  effect  of  "  wash  "  on  his  measuring  rod  and 
for  the  reduction  of  depth  at  the  measuring  station  by  the 
patch  on  the  invert,  the  corresponding  average  depth  in 

the  standard  section  of  aqueduct  is  probably 6.10  ft. 

Standard  slope  of  bottom .00021 

Area  of  standard  cross  section  at  6.10  feet  depth 41-57  sq.  ft. 

Wet  perimeter ^^7-7^  ft. 

Hydraulic  mean  radius 2.338  ft. 


• 
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We  take,  second,  the  case  corresponding  to  the  Gould 
gauging,  where,  by  the  keeper's  record,  the  Sing  Sing  depth 

is 7.33  ft. 

Correcting  as  before — mean  depth  in  standard  section  is ... .  7.43  ft. 

Area  wet  section  (per  Gould  49.19  for  7.33  depth) 49-72  sq.  ft. 

Wet  perimeter 20.99  ^^' 

Hydraulic  mean  radius 2.368  ft. 

The  values  of  the  hydraulic  coefficients  found  for  the  corresponding 
values  of  R.  at  the  several  brick-lined  aqueducts  above  mentioned,  together 
with  the  flow  in  Old  Croton  that  these  values  would  give,  are  as  follows: 
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Conclusions:  Flow  in  Old  Croton  Aqueduct. 

After  a  careful  study  of  the  foregoing  comparisons  with  the  flow  meas- 
ured in  other  aqueducts  and  after  reviewing  the  above-described  gaug- 
ings  made  on  this  aqueduct  by  Church,  Gould  and  Watkins,  I  present  the 
curve  of  discharge  shown  in  Diagram  No.  43  with  great  confidence  that  in 
connection  wath  the  records  of  depth  from  1868  to  1891  it  gives  a  correct 
average  measure  of  the  flow  in  the  Old  Croton  Aqueduct  under  the  actual 
conditions  of  use,  and  that  the  precision  of  this  measurement  is  fully  equal 
to  that  ordinarily  obtained  in  studies  of  watershed  yield.  I  have  tried  with 
but  little  success  to  find  in  the  records  some  safe  indication  as  to  the  periods 
when  specially  clean  and  when  obstructed,  and  again  visited  the  station  at 
Sing  Sing  and  Croton  on  February  13,  1900,  to  question  the  keepers  more 
specifically  upon  this.  At  first  I  hoped  that  the  difference  between  the 
gauge  readings  at  Croton  and  those  at  Sing  Sing  would  furnish  a  satisfactory 
indication  of  the  condition  of  cleanliness  of  the  walls,  but  the  lack  of  pre- 
cision of  measurement  prevents  it  being  satisfactory,  although  it  serves  as  a 
partial  guide. 

I  have  been  unable  to  find  anv  definite  record  or  recollection  of  dates 
when  the  Old  Aqueduct  was  cleaned,  or  of  the  thoroughness  with  which  this 
work  was  done  prior  to  1890,  except  the  record  of  the  days  when  the  aque- 
duct was  empty,  given  on  page  151,  which  days  are  the  only  times  when  it 
could  possibly  have  been  cleaned.  Doubtless  for  part  of  the  time  since  1892 
the  condition  was  so  improved  by  cleaning  as  to  cause  it  to  convey  perhaps 
5  per  cent,  more  w^ater  than  the  new  computation  gives,  but  certainly  no 
more  at  any  time  than  during  our  gaugings  of  December,  1899,  for  the 
Old  Aqueduct  was  then  in  its  best  Condition.  On  the  other  hand,  it  is  prob- 
able that  with  a  particularly  thick  coat  of  slime,  or  a  rank  growth  of 
spongilla,  or  with  organic  matter  an  inch  thick,  such  as  Mr.  Birdsall  says 
he  has  sometimes  found  near  the  upper  end,  and  such  collections  of  slime 
as  the  keepers  describe  as  having  been  seen  in  the  upper  mile  or  two  within 
five  years,  the  quantity  would  be  materially  less. 

In  the  further  effort  to  gain  the  greatest  possible  accuracy,  the  dates 
when  the  Old  Aqueduct  was  emptied  were  plotted  in  chronological  order, 
and  it  was  assumed  provisionally  that  the  Old  Aqueduct  received  a  thorough 
cleaning  on  each  of  these  occasions,  and  that  the  fiow  immediately  afterward 
became  the  same  as  that  found  in  the  Watkins  gauging,  gradually  returning 
to  the  condition  corresponding  to  the  mean  line  and  gradually  becoming 
less,  until  finally  just  before  the  cleaning  it  got  into  a  condition  which  made 
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the  flow  as  much  smaller  than  the  mean  line  as  the  mean  line  is  smaller  than 
the  line  of  the  Watkins  gauging. 

This  variation  in  flow  according  to  cleanliness  appears  reasonable  in 
the  light  of  the  experiments  on  the  Sudbury  and  Wachusett  Aqueducts,  which 
show  that  one  year's  collection  of  slime  may  lessen  the  flow  10  per  cent,  and 
the  recent  gauging  of  the  New  Croton,  which  shows  that  probably  because 
of  slime  and  spongilla  or  the  like,  this  New  Croton  Aqueduct  has  within  7 
years  suffered  15  per  cent,  impairment  in  carrying  capacity. 

On  going  through  the  record  month  by  month  and  applying  such  a 
correction  to  the  average  quantity  taken  from  the  diagram,  the  results  were 
not  found  consistent  with  the  changes  in  loss  of  depth  between  Croton  and 
Sing  Sing,  and  I  concluded  that  such  correction  was  a  refinement  for  which 
the  data  did  not  furnish  a  satisfactory  basis,  and  that  it  was  just  as  well  to 
adhere  to  the  average  line  all  the  time. 

Taking  all  the  various  lines  of  evidence  into  careful  consideration,  I  am 
forced  to  believe  that  my  statement  on  page  122,  that  the  previous  estimates 
of  flow  in  the  Old  Croton  Aqueduct  from  1875  to  1890  averaged  too  great 
by  14  million  gallons  per  day,  is  conservative. 

Mr.  Gould's  series  of  measurements  in  1884  make  the  delivery  16.2  mil- 
lion gallons  less  than  the  Aqueduct  Commissioners'  average  estimate  for 
the  same  summer  and  for  the  same  depth.     ^ 

Detcrmifiation  of  Quantity  Flozving  in  New  Croton  Aqueduct. 

I  am  led  to  consider  it  certain  that  there  has  been  an  over-estimate  by 
the  Department  of  Water  Supply  of  about  36  million  gallons  per  day  in  the 
quantity  of  Croton  water  conveyed  to  New  York  City  by  the  New  Aqueduct 
during  the  last  four  months  of  1899.  It  is  probable  that  in  the  spring  of 
1899  this  over-estimate  did  not  exceed  16  million  gallons  per  day,  and  that 
the  over-estimate  has  increased  gradually  from  nothing  in  1893.  The  fore- 
going figures  apply  to  the  monthly  record  computed  by  Mr.  Birdsall,  in 
which  he  has  already  taken  off  a  correction  of  about  4  million  gallons  per 
day. 

This  matter  is  so  important  as  to  require  explanation  at  length. 

The  number  of  million  gallons  per  twenty-four  hours  drawn  through 
the  New  Aqueduct  from  day  to  day  for  the  past  nine  and  a  half  years  has  been 
determined  solely  by  a  measurement  of  the  depth  flowing  in  the  aqueduct 
at  a  point  just  below  the  head  gates.  A  table  is  presented  in  the  Aqueduct 
Commissioners'  Report  of  1895,  Table  No.  14,  page  98,  which  gives  the 
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quantity  in  million  gallons  per  twenty-four  hours  conveyed  by  this  aqueduct 
when  the  water  stands  at  certain  uniform  depths.  Mr.  G.  W.  Birdsall  in  pre- 
paring the  estimates  of  water  consumed,  published  by  the  Department  of 
Public  Works  and  the  Department  of  Water  Supply,  has,  of  late,  deducted 
about  4  million  gallons  per  day  from  the  figures  given  by  this  table,  but,  in 
reality,  his  deduction  has  been  7  or  8  million  gallons  per  day,  because  of 
throwing  off  all  allowance  for  infiltration  and  leakage. 

This  table.  No.  14,  of  the  Aqueduct  Commissioners'  Report  of  1895  was 
designed  for  use  in  connection  with  a  depth  measurement  taken  in  the  aque- 
duct at  a  point  490  feet  downstream  from  the  head  gates  (at  Station  No.  9-65), 
and  includes  no  allowance  for  the  leakage  into  the  aqueduct  along  the 
twenty-five  miles  of  tunnel  not  under  pressure  between  the  Old  Croton  Dam 
and  the  New  York  City  line. 

The  same  table  can  be  used  in  connection  with  a  depth  measured  any- 
where between  Croton  and  South  Yonkers  (except  near  Gould's  Swamp 
Siphon),  if  only  the  slope  of  the  water  surface  be  the  same  as  the  slope  of 
the  bottom  of  the  aqueduct ;  or,  in  other  words,  this  table  will  give  the  flow 
for  a  given  depth  anywhere  in  the  course  of  the  aqueduct  if  the  depth  is  pre- 
cisely uniform  for  a  mile  or  so  upstream  and  downstream  from  the  point  in 
question.  It  happens,  however,  that  in  the  lower  reaches  of  aqueduct,  the 
depth  and  the  slope  of  water  surface  are  not  constant,  but,  as  shown  in  Sheet 
No.  40  of  plans  in  Aqueduct  Commissioners'  Report  of  1895,  the  depths  fall 
oflF  rapidly  below  Ardsley  toward  the  head  of  the  incline  leading  to  the  deep 
tunnel  under  pressure.  Moreover,  the  depth  in  low'er  part  of  aqueduct  fluctu- 
ates to  some  extent  with  changes  of  level  in  the  Central  Park  Reservoirs, 
thus  complicating  the  problem,  although  not  making  it  incapable  of  accurate 
solution. 

The  slope  of  water  surface  and  the  depth  are  more  likely  to  be  uniform 
near  the  head  of  the  aqueduct  than  elsewhere,  because  of  this  being  beyond 
the  influence  of  fluctuations  in  level  of  the  Central  Park  Re«^ervoirs.  More- 
over, the  quantity  ordered  sent  to  the  city  from  day  to  day  must  be  regulated 
at  the  head  gates,  and  the  head  of  the  aqueduct  is,  therefore,  the  most  con- 
venient place  for  measuring  the  depth  to  be  used  in  computing  the  flow\ 

We  must  regard  this  table  (Aq.  Com.  No.  14),  as  certainly  accurate  for 
the  aqueduct  in  the  condition  of  surface  and  freedom  from  obstruction  found 
in  1891  and  1893,  although  to-day  it  is  not  applicable  w^ithout  14  per  cent. 

correction. 

The  current  meter  measurements  of  1891  and  1893,  made  for  preparing 
this  table  of  flowing  capacity,  were  made  with  the  utmost  care  and  confirmed 
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by  frequent  repetition  between  October,  1891,  and  April,  1893;  and  the  allow- 
ance for  infiltration  was  confirmed  by  independent  current  meter  measure- 
ments made  from  a  boat  held  near  the  head  of  the  aqueduct  and  at  various 
points  along  its  course. 

The  corresponding  depths  near  head  gates  used  in  forming  Table  No. 
14,  were  measured  with  great  care  and  accuracy  by  a  special  observer  sta- 
tioned at  the  gate-house  near  the  Old  Croton  Dam;  and,  although  the  limit 
of  precision  of  the  current  meter  measurement  was  not  fully  discussed  in  the 
report,  the  agreement  of  the  experiments  plotted  in  diagram  on  page  97, 
Aqueduct  Commissioner's  Report  of  1895,  give  good  reason  for  regarding 
the  table  as  correct  within  i  per  cent,  for  all  ordinary  depths  up  to  the  limit 
of  depth  of  7  or  8  feet  reached  in  those  experiments,  and  for  the  wetted  peri- 
meter in  the  conditions  of  cleanliness  and  smoothness  existing  at  that  time, 
when  the  aqueduct  had  been  in  use  about  two  years.  I  am  informed  by  Mr. 
Alfred  Craven,  Acting  Chief  Engineer,  that  the  aqueduct  was  probably  fairly 
clean  at  the  time  of  these  gaugings,  and  that  there  was  probably  no  special 
sweeping  or  scraping  of  the  interior  surface  precedent  to  the  gaugings. 
Indeed,  a  study  of  the  few  dates  on  which  it  has  been  practicable  to  put  the 
aqueduct  out  of  service,  shows  that  no  regular  cleaning  was  possible.  I  infer 
that  it  was  assumed  that  because  gaugings  made  after  the  aqueduct  had  been 
in  use  from  i^  to  2f  years  showed  no  noteworthy  change,  these  would  fairly 
represent  the  flow  in  the  aqueduct  under  all  ordinary  conditions. 

Although  the  depth  of  water  now  maintained  in  the  New  Croton  Aque- 
duct is  greater  than  in  any  of  these  earlier  gaugings,  recent  experiments  on 
the  Sudbury  Aqueduct  indicate  that  with  a  corresponding  increase  of  depth, 
so  that  half  the  arch  surface  is  now  submerged,  there  is  no  very  material 
change  in  coefficient  of  flow  when  aqueduct  is  clean  on  account  of  the 
greater  depth. 

Error  in  Setting  Depth  Gauge  at. Head  of  Nezv  Aqueduct. 

There  is  now  found  to  be  required  a  correction  for  gauge  error,  which 
lessens  the  estimate  of  daily  draft  4  to  10  million  gallons  per  day,  this  being 
a  part  of  the  39  million  discrepancy  found  by  Mr.  Watkins. 

'  I  visited  the  gate-house  of  the  Old  and  New  Aqueducts  at  Old 
Croton  Dam  on  October  13,  1899,  ^i^^  ^^^  ^^^  keeper  and  his  principal  as- 
sistant instruct  me  in  the  methods  followed  in  measuring  the  various  depths 
which  they  record,  and  found  that  by  the  method  of  measuring  depth  in 
New  Aqueduct  by  a  float  gauge,  set  July  24,  1895,  a  constant  error  of  at 
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least  2i  inches  (or  possibly  3^  inches)  had  been  inadvertently  intro- 
duced; this  leads  to  an  error  in  the  estimate  of  consumption  amounting  to 
from  4  to  10  million  gallons  per  day.  I  found,  too,  that  this  important  gauge 
has  got  into  a  condition  of  extremely  sluggish  motion,  due  apparently  to  the 
clogging  of  its  piezometer  pipe  (perhaps  by  organic  growths  or  deposits 
similar  to  those  which  obstruct  the  upper  portion  of  the  aqueduct).  I  am  told 
that  this  float  gauge  was  set  by  the  keeper's  assistant  without  consultation 
with  the  engineers  of  the  Aqueduct  Commission. 

I  am  told  that  at  abou4:  the  time  of  the  completion  of  the  aqueduct  pro- 
vision was  made  by  Mr.  Fteley  for  a  very  accurate  gauge  at  this  point,  but 
in  the  rush  of  other  work  the  float  and  index  were  not  completed  before  the 
New  Aqueduct  was  formally  turned  over  to  the  Department  of  Public  Works. 
A  lead  pipe  for  measuring  the  depth  (similar  to  the  present  pipe  shown  in 
the  sketch.  Fig.  44)  was  set  up,  and  a  rod  was  used  for  direct  measurement 
down  from  a  bench-mark  to  the  surface  of  water.  This  was  used  by  the 
special  observers  of  the  Engineer  Department  of  Aqueduct  Commission 
while  gauging  the  flow  in  1890-2,  but  the  lead  pipe  is  said  to  have  been 
injured  about  1894,  so  that  the  present  still-box  and  piezometer  pipe  were 
put  in  to  take  its  place.  The  design  and  mechanism  of  this  new  gauge 
appear  excellent.  It  consists  of  a  scale-board  rising  from  the  main  upper 
floor,  over  which  slides  an  index  held  steady  by  a  weight  and  moved  by  a 
wire  over  a  pulley  at  the  top,  which  then  descends  to  a  cylindrical  copper 
float  of  5  inches  diameter  by  20  inches  long.  The  index  is  frequently  veri- 
fied by  a  measurement  to  water  in  the  sump  chamber,  but  unfortunately  it 
is  continually  adjusted  on  a  basis  about  2^  inches  too  high. 

The  erroneous  setting  of  the  present  gauge  began  about  4^  years  ago  and 
came  from  assuming  that  the  elevation  of  the  water  in  the  chamber  below 
the  screens  would  be  the  same  as  in  the  aqueduct,  thus  ignoring  the  loss  of 
head  due  the  sharp-cornered  contraction  at  the  entrance  to  aqueduct,  and 
neglecting  also  the  loss  of  head  required  to  overcome  the  increase  of  velocity 
in  passing  into  the  aqueduct.  In  other  words,  the  float  gauge  was  set  to  read 
the  same  elevation  as  the  still  water  in  the  sump  chamber,  which  connects 
with  the  screen  chamber  through  a  12-inch  pipe. 
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The  following  sketch  will  make  the  whole  matter  clear  (see  also  section 
D,  of  Gate-house  drawings  in  Aq.  Com,  Rept.  1887,  or  Plate  No.  69,  Weg- 
nian). 

f  -A 
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On  October  17,  1899,  G.  A.  Taber,  C.  E.,  measuring  with  an  engineer's 
level  and  making  several  repetitions  to  secure  accuracy,  found  that  with  a 
nominal  depth  in  the  aqueduct  of  10  feet  6  inches,  the  level  of  water  within 
the  6-inch  vertical  pipe,  or  "  still-box,"  was  a.27  feet  lower  than  water  level 
in  the  sump  at  B.  About  November  i,  1899,  a  comparison  was  made  under 
the  supervision  of  C.  S.  Gowen,  Division  Engineer  Croton  Aqueduct  Com- 
missioners, while  the  nominal  depth  by  the  float  gauge  was  11  feet,  the 
screens  first  having  been  carefully  cleaned  to  assure  an  even  distribution  of 
the  flow.  He  found  the  elevation  of  the  water  within  this  6-inch  pipe,  0.32 
feet  lower  than  in  the  sump,  and  further  found  by  determining  the  elevation 
of  water  in  the  6-inch  vertical  pipe  from  an  accurate  bench-mark  and  com- 
paring this  with  the  known  elevation  of  invert  of  tunnel  at  G  that  the  real 
depth  in  aqueduct  at  G  was  0.21  feet  (2J  inches)  less  than  the  depth  mean- 
while shown  by  the  gauge  index,  or  smaller  than  the  depth  found  by  measur- 
ing from  the  iron  floor-grating  down  to  the  water  level  in  the  sump. 

Sluggish  action  within  the  float  pipe  or  still-box  was  also  noted  by  Mr. 
Taber,  and  Mr.  Gowen,  being  asked  to  verify  this,  found  that  on  filling  this 
pipe  with  water,  it  took  several  hours  to  subside  to  its  orginal  level,  most  of 
the  time  being  taken  up  in  the  subsidence  of  the  last  2  or  3  inches.  The 
piezometer  tube  is  therefore  plainly  clogged  and  ought  to  be  fixed  (perhaps 
spongilla  have  attached  themselves  to  the  piezometer  pipe),  but  changes  of 
water  level  within  the  aqueduct  are  so  infrequent  that  this  sluggishness  prob- 
ably introduces  no  material  error  into  our  estimates. 

The  details  of  the  corrections  found  necessary  at  different  periods  are 
given  in  the  computation  book  accompanying  this  report 
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Eifect  of  Infiltration  and  Leakage  upon  Delivery  of  New  Croton  Aqueduct. 
Before  preparing  Table  No.  14  of  the  Aqueduct  Commissioners'  Report, 
1895,  careful  measurement  had  been  made  of  the  percolation  or  infiltration 
through  the  rock  fissures  into  the  aqueduct,  upstream  from  the  gauging  sta- 
tion at  South  Yonkers,  and  it  was  concluded  that  this  infiltration  amounted 
to  4  million  gallons  per  twenty-four  hours,  which  amount  was  deducted  from 
the  gauging  made  at  South  Yonkers  before  forming  this  table  of  flowing 
capacity;  so  that-when  used  in  connection  with  a  depth  correctly  measured 
near  the  head  gates,  this  table,  No.  14,  gives  the  outflow  through  the  aque- 
duct from  Croton  Lake.  Experiments  reported  on  page  87  of  Aqueduct 
Commissioners'  Report  of  1895  gave  the  outward  leakage  from  7  miles  of 
the  aqueduct  under  pressure  as  228,500  gallons  per  twenty-four  hours.  No 
reason  appears  why  this  infiltration  and  leakage  should  change  materially 
from  year  to  year,  and  we  may,  therefore,  consider  that  the  delivery  of  water 
into  the  city  when  aqueduct  is  as  free  of  obstruction  as  in  the  original  experi- 
ments, is  now,  as  originally,  about  3^  million  gallons  more  than  the  table  gives. 

Lessened  Delivery  of  New  Croton  Aqueduct, 
I  was  led  early  to  question  whether  the  great  apparent  increase  of  con- 
sumption of  water  might  not,  in  part,  be  due  to  a  retardation  of  the  flow  in 
the  aqueduct — wherein  it  is  all  measured  simply  by  noting  the  depth — 
because  of  the  recollection  of  some  experiments  upon  the  retarding  influence 
of  organic  growths  upon  the  walls  of  a  conduit,  in  which  1  assisted  Hiram  F. 
Mills,  C.  E.,  some  twenty-five  years  ago.  Mr.  Mills'  experiments  showed  this 
effect  to  be  far  greater  than  generally  supposed.  Some  data  upon  the 
retardation  attributed  to  growths  of  spongilla  and  other  organisms  near  the 
upstream  end  of  the  East  Jersey  Water  Company's  conduit,  and  in 
Rochester's  conduit  from  Hemlock  Lake,  were  also  recalled.  I  was  thus  led 
to  carefully  look  up  the  latest  experience  in  this  matter  upon  the  Boston 
aqueducts,  and  becoming  confirmed  in  the  suspicion  that  there  was  some 
trouble,  inside  the  New  Croton  Aqueduct,  earnestly  requested  the  Chief 
Engineer  of  the  Department  of  Water  Supply,  Mr.  Birdsall,  to  have  a 
regauging  of  the  flow  in  the  New  Croton  Aqueduct,  by  means  of  a  current 
meter,  for  no.  test  of  its  flowing  capacity  had  been  made  since  1893. 

Mr.  Fteley  and  Mr.  Craven  very  kindly  detailed  Mr.  F.  W.  Watkins, 
who  made  the  original  current  meter  measurements,  to  make  these  tests. 
Five  separate  measurements,  made  upon  November  22  and  23,  1899,  and 
December  5  and  6,  1899,  showed  the  flow  to  be  about  16  per  cent.,  or  nearly 

< 

40  million  gallons  per  day,  less  than  the  flow  given  by  the  Aqueduct  Com- 
missioners' table  of  flowing  capacity. 
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The  method  was  precisely  the  same  as  that  followed  in  the  original 
gaugings  and  described  in  the  Aqueduct  Commissioners*  report  of  1895, 
page  94.  The  same  current  meter  was  used  in  this  series  that  had  been 
used  in  the  earlier  gaugings;  its  coefficient  was  redetermined  a  few  days 
before  using  and  found  to  agree  well  with  the  earlier  determinations,  as 
already  stated  on  page  154. 

While  it  is  not  at  present  practicable  to  draw  the  aqueduct  off  even  for 
a  day  for  inspection,  and  while  we  have  no  positive  information  as  to  the 
cause  of  the  impairment  of  its  capacity,  I  am  led  to  believe  that  this  impair- 
ment is  due  to  three  distinct  causes: 

I  St.  Organic  growths  or  other  obstructions  on  bottom  and  sides  of  aqueduct 
interior,  more  especially  in  the  upper  5  or  10  miles,  but  also  existing 
to  some  slight  extent  in  the  lower  portion. 

2d.  A  serious  clogging  at  the  Gould's  Swamp  Siphon. 

3d.  The  error  in  measuring  the  depth,  already  described. 

The  keeper's  record  at  the  Old  Croton  Dam  shows  that  the  water  has 
not  been  out  of  the  aqueduct  now  for  four  years,  and  that  in  all  it  has  been 
empty  less  than  one  month  during  the  past  nine  and  a  half  years.  I  am 
informed  that  it  cannot  be  emptied  at  present  without  interfering  with  the 
supply  for  the  high-service  pumps  near  Washington  Bridge.  On  page  59 
of  the  Aqueduct  Commissioners'  report  for  1895  it  is  stated  that  its  delivery 
of  water  to  New  York  City  up  to  that  time  had  been  suspended  sixty  days 
in  all,  for  the  completion  of  some  work  at  Section  9  and  for  permitting 
hydraulic  tests. 

On  some  of  these  sixty  days  water  was  in  the  aqueduct,  but  was  being 
discharged  through  the  blow-oflfs,  instead  of  into  the  Central  Park  Reser- 
voirs. According  to  the  keeper's  record  at  Croton  Dam,  the  water  has  been 
out  only  as  follows: 

1890.  Closed,  Oct.     I  to  17,  inclusive 17      days. 

1891.  Closed,  Apr.  14  to  18,         "       5         " 

1892.  Closed,  Dec.    7,  24     hours i       day. 

1893.  Closed,  Feb.     3,  23.5      "     i 

1893.  Closed,     "       «,  5         "     0.2 

1893.  Closed,     "      14,  20         "     0.8 

1893.  Closed,     *'      18,  23         "     i.o 

1893.  Closed,     "28,  8         "     0.3 
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1895.     Closed,  Oct.  15  to  17,  37    hours 1.5  days. 

1895.     Closed,  Nov.    I,  12         "     0.5    day. 

Total  days  shut  off 28.3. 

This  record  indicates  there  has  been  abundant  opportunity  for  organic 
growths  and  for  the  gathering  of  such  fragments  of  water-logged,  dead 
leaves  as  may  have  passed  the  coarse  screens  now  in  use  at  the  head-gates 
(these  present  screens  arfe  coarser  than  good  practice  sanctions,  and  I  am 
informed  are  not  the  original  screens).  I  am  informed  that  there  has  been 
no  thorough  cleaning  of  the  interior  of  the  aqueduct  since  it  was  opened. 
There  has  been  a  little  work  done  in  removing  obstructions  at  Gould's 
Swamp  Siphon 


Effect  of  Cleaning  Sudbury  Aqueduct  upon  Its  Delivery, 

On  the  Sudbury  Aqueduct  of  Boston  it  has  been  the  rule  to  give  the 
aqueduct  a  thorough  cleaning  twice  a  year,  for,  as  Mr.  Desmond  Fitzgerald, 
for  many  years  in  charge  of  this  aqueduct,  informs  me,  "  experience  on  the 
Cochituate  has  shown  that  if  deposits  of  slime  and  dirt  are  allowed  to 
accumulate,  these  in  time  give  place  to  growths  of  spongilla,  and  if  these  are 
allowed  to  accumulate,  after  a  year  or  two  they  become  very  hard,  with  long 
finger-like  growths  extending  from  them,  which  are  a  serious  obstruction  to 
the  flow  of  water." 

The  method  followed  with  the  Sudbury  until  recently  (when  depths 
became  too  large  to  admit  of  it),  was  to  run  through  the  aqueduct  a  machine 
carried  on  wheels  with  soft  tires,  which  was  provided  with  rotary  brushes 
and  the  whole  moved  by  the  pressure  of  water  against  an  adjustable 
shield.  With  the  great  depths  now  used,  the  method  of  cleaning  is  to  shut 
off  most  of  the  water  and  send  a  number  of  gangs  of  men  through  the  aque- 
duct, provided  with  rubber  boots,  rattan  brooms  made  especially  for  the 
purpose,  and  reflector  lanterns.  Mr.  Fitzgerald  further  informs  me  as  to  the 
amount  of  retardation  of  flow  caused  by  dirt  and  slime,  that  on  April  4,  1899, 
the  aqueduct  not  having  been  previously  cleaned  for  about  one  year,  an 
accurate  gauging  by  current  meter  showed  92.58  per  cent,  of  tabulated 
capacity,  and  on  May  29,  after  cleaning,  another  careful  gauging  by  current 
meter  showed  103.95  P^^  cent,  of  tabulated  capacity.  The  retardation  of  flow 
caused  by  the  condition  before  cleaning  was  thus  11  per  cent.    Mr.  Fitz- 
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gerald  states  further,  "  it  seems  to  me  safe  to  say  in  a  general  way  that  the 
flow  can  vary  ro  per  cent,  with  the  condition  of  the  interior,  and  I  can  easily 
conceive  that  when  an  aqueduct  has  been  long  neglected,  this  lo  per  cent, 
might  be  exceeded."  Mr.  Fitzgerald  further  states  that  while  in  the  Sudbury 
he  has  found  no  material  difference  in  the  retardation  of  flow  due  to  growth 
of  slime  between  the  upstream  and  the  downstream  portions,  he  has  in 
former  year§  sometimes  noticed  in  the  Old  Cochituate  Aqueduct  a  very  large 
growth  of  spongilla  in  the  upper  three  miles,  while  it  was  free  in  the  lower 
portion.  The  Sudbury  Aqueduct  is  less  than  half  the  length  of  the  Croton, 
and  it  has  been  so  frequently  cleaned  that  spongilla  have  secured  no  foothold. 

Effect  of  Slinw  and  Cleaning  of  Wachiisctt  Aqueduct  upon  its  Delivery. 

On  the  New  Wachusett  Aqueduct  of  Boston's  supply,  which  has  the 
same  daily  carrying  capacity  as  the  New  Croton,  Mr.  F.  P.  Stearns,  Chief 
Engineer  of  the  Metropolitan  Water  Board,  gives  me  the  following  informa- 
tion upon  the  effect  of  lack  of  cleanliness  in  retarding  flow.  This  aqueduct 
was  first  used  in  March,  1898,  and  its  flow  measured  both  by  a  weir  and  by  a 
current  meter.  One  year  later,  March,  1899,  with  the  water  at  precisely  the 
same  depth  at  the  gauging  man-hole  as  in  the  test  of  the  year  before,  the 
flow,  as  measured  by  the  current  meter  and  independently  by  the  weir,  aver- 
aged about  10  per  cent,  less  than  when  first  opened  and  clean. 

It  was  then  cleaned  by  men  with  scrapers  and  stiff  brooms,  and  again 
tested  and  its  flow  found  very  nearly  the  same  for  a  given  depth  as  at  first. 

An  examination  made  soon  after  the  second  measurement  and  before 
cleaning  showed  a  deposit  of  slime  on  the  sides  and  bottom  of  the  aqueduct, 
generally  about  1-16  inch  in  thickness,  but,  at  no  place,  was  there  any 
spongilla  or  similar  growth. 

This  Wachusett  Aqueduct  is  less  than  one-third  the  length  of  the  horse- 
shoe Croton  above  the  gauging  station  at  South  Yonkers;  and  while  it  is 
probable  that  the  lower  part  of  a  long  aqueduct  would  be  less  affected  than 
the  upstream  part,  it  is  the  upstream  part  of  the  Croton  which  controls  the 
depth  at  the  head,  on  which  the  records  of  daily  flow  depend. 

Mr.  Stearns  further  informs  me  regarding  the  original  gaugings  of  the 
Sudbury  forming  the  basis  of  its  published  coefficients  of  flow : 

"  The  observations  with  large  flow  were  made  in  October  and  Novem- 
ber, 1879.  The  water  was  first  run  through  the  aqueduct  in  February,  1878. 
I  think  I  had  the  section  of  the  aqueduct,  through  which  the  flow  was  to  be 


Yield  of  Croton  Watershed.  177 

measured,  cleaned  with  brooms  before  the  experiments  were  made,  but  am 
not  entirely  sure,  and  have  no  notes  at  hand  on  this  point,  but  the  consump- 
tion was  at  that  time  so  small  that  water  flowed  only  to  small  depths  in  the 
aqueduct  until  the  time  of  making  the  experiments." 


Condition  of  Interior  Surface  of  Ne^>  Croton  Aqueduct. 

Regarding  the  condition  of  the  interior  surface  of  the  New  Croton 
Aqueduct  at  the  time  of  the  gaugings  of  1892,  we  are  not  fully  informed. 
Mr.  Craven  feels  confident  it  was  fairly  clean,  though  opportunity  for  inspec- 
tion was  limited.  A  study  of  the  uniformity  of  depth  of  w^ater  on  March  2, 
1892,  through  the  twenty-five  miles  of  the  horse-shoe  section,  correcting  for 
inclination  near  the  downstream  end,  shows  the  coefficient  of  flow  to  have 
been  in  1892  substantially  the  same  throughout;  and,  since  careful  search  was 
being  made  for  the  cause  of  the  5^  per  cent,  lessened  capacity  as  compared 
with  the  original  expectations  based  on  the  Sudbury,  and  gaugings  covering 
a  period  of  1.3  years  showed  no  noteworthy  change,  and  as  the  conclusion 
reached  by  Mr.  Fteley  was  (see  page  loi,  Aq.  Com.  Rept.  of  1895),  that  the 
cause  lay  in  the  greater  roughness  of  the  surface  of  the  brick  interior,  we  may 
confidently  assume  that  this  possibilty  of  slime  or  organic  growth  existmg 
at  that  time  was  not  overlooked.  A  part  of  this  5  per  cent,  difference  could 
certainly  be  accounted  for  by  the  extra  roughness  of  brickwork  laid  in  a 
tunnel,  as  compared  with  the  Sudbury  brickwork  laid  by  daylight  in  an  open 
cut,  and  thus  leave  little  to  be  charged  to  slime.  Wherefore,  it  would  appear 
that  no  amount  of  slime  sufficient  to  aflfect  the  flow  materially  had  gathered 
in  the  New  Croton  Aqueduct  in  these  first  2i  years. 

The  Assistant  Engineer  (Mr.  Horace  Ropes)  under  whose  immediate 
supervision  the  tw^o-mile  tunnel  forming  a  part  of  the  new  300  million  gallon 
aqueduct  for  the  Boston  Metropolitan  District  was  built  in  1896-7,  and  who 
later  had  charge  also  of  a  section  of  the  "  cut  and  cover  "  aqueduct,  tells  me 
that  he  found  it  a  practical  impossibility  to  get  the  brick  laid  to  as  smooth 
a  surface  in  the  crowded  conditions  and  bad  light  of  the  tunnel  as  by  day- 
light in  the  open  air  with  fewer  brick-layers  working  from  the  same  line. 

It  appears  at  first  incredible  that  a  thin  coating  of  organic  growth,  algae 
or  slime,  which  appears  scarcely  1-16  inch  in  average  thickness  when  the 
water  is  withdrawn,  can  produce  so  great  an  impairment  in  flowing  capacity 
as  10  per  cent.,  but  the  fact  is  certainly  well  proved.  Possibly  when  the  con- 
duit is  filled,  the  filaments  of  these  algae  or  microscopic  plants  which  form 
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the  so-called  slime,  may  reach  further  out  into  the  current,  and  the  whole 
may  be  likened  to  a  microscopic  eel-grass.  Everyone  familiar  with  natural 
water  courses  has  noticed  how  thin  and  insignificant  an  obstruction  a  bed  of 
eel-grass  appears  when  the  water  is  withdrawn,  and  what  a  great  impediment 
it  is  to  the  current. 

When  spongilla,  a  low  form  of  animal  life,  which  investigations  by  Mr. 
F.  P.  Stearns  have  shown  to  feed  on  algae  and  micro-organisms,  and  would, 
therefore,  be  expected  to  thrive  best  where  reservoirs  had  not  had  their 
bottoms  stripped  of  organic  matter,  are  allowed  to  become  well  planted  and 
grow,  there  are  developed  long,  rigid,  finger-like  projections,  which  may 
extend  2  or  3  inches  into  the  current  and  form  a  much  more  prominent  and 
conspicuous  obstruction  than  *'  slime." 

Spongilla  appear  to  thrive  best  within  a  few  miles  of  the  head  of  an 
aqueduct.  I  cannot  learn  that  any  complete  study  of  these  matters  has  been 
made  in  connection  with  the  Croton  Aqueducts,  but  there  are  certain  abnor- 
mal increases  of  the  friction  loss  in  the  current  near  the  head  of  both  the 
Old  Aqueduct  and  the  New  Aqueduct,  which  would  be  explained  in  the  case 
of  the  New  Aqueduct  during  the  past  summer,  if  on  withdrawing  the  water 
there  is  found  either  a  growth  of  something  like  spongilla  or  a  deposit  of  dead 
leaves  near  the  head.  The  progressive  increase  in  backing  up  of  the  water 
near  the  head  of  the  New  Croton  Aqueduct  during  the  last  summer,  from 
June  7  to  September  13,  appears  to  have  been  fully  6  inches,  and  possibly  a 
foot,  but  our  data  on  this  are  less  precise  than  desirable.  Various  observations 
(to  be  described  later)  make  it  appear  certain  that  at  the  end  of  the  summer 
of  1899,  the  total  effect  of  the  several  obstructions  at  the  upstream  end  of  the 
New  Croton  Aqueduct  upon  the  depth,  as  compared  with  its  condition  and 
depth  in  April,  1893,  was  to  increase  the  depth  more  than  8  inches. 

It  may  be  found  that  on  the  New  Aqueduct,  the  obstructions  liable  to 
occur  in  the  few  miles  near  the  head  and  at  the  safety  gratings  of  Gould's 
Swamp  Siphon,  render  a  depth  measurement  at  the  upstream  end  of  the 
aqueduct  not  wholly  reliable  as  a  precise  measure  of  the  consumption  and 
that  some  better  means  of  measuring  the  actual  velocity  and  quantity  at  fre- 
quent intervals,  or  continuously,  is  needed. 

Possible  Retardation  at  Gould's  Swamp  Siphon. 

This  inverted  siphon,  14.25  feet  in  diameter,  is  only  1,135  feet  long,  but 
drops  60  feet  or  more  below  the  hydraulic  grade,  and  must,  therefore,  unlike 
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the  horseshoe  section,  always  run  with  its  entire  cross  section  filled.  When, 
as  for  example,  in  1895,  the  depth  at  the  head  was  6.0  feet,  the  wet  area  in 
the  horseshoe  section  of  the  first  twelve  miles  was  73.01  square  feet,  and  the 
mean  velocity  was  2.78  feet  per  second;  meanwhile  the  area  of  section  of 
water-way  under  Gould's  Swamp  was  159.5  square  feet  and  the  velocity  only 
1.28  feet  per  second,  or  less  than  half  that  in  the  horseshoe  section  above. 
Considering  in  the  same  way  the  greatest  quantity  that  has  yet  been  run 
through  the  New  Aqueduct,  with  the  1 1  foot  depth  of  October  and  Novem- 
ber, 1899,  the  actual  mean  velocity  in  the  horseshoe  section  was  371  -^  134-5 
=  2.76  feet  per  second,  while  under  Gould's  Swamp  it  was  only  2.32  feet  per 
second,  or  85  per  cent,  as  much  as  if  channel  were  all  free.  There  is  thus^ 
without  doubt,  a  tendency  of  rubbish  to  lodge  in  the  Siphon  and  restrict  the 
area  to  the  same  or  even  a  less  number  of  square  feet  than  the  water  area  in 
the  Standard  Section. 

Observations  were  begun  by  Mr.  Fteley  in  June,  1899,  with  a  view  to 
discovering  if  any  silting  up  of  the  Siphon  under  the  Harlem  was  going  on, 
and  this  series  of  depth  measurements  was  extended  up  beyond  the  Gould's 
Swamp  Siphon.  These  observations  were  very  kindly  placed  in  my  hands'- 
by  Mr.  Fteley,  although  his  study  of  the  matter  was  not  then  finished,  for 
any  light  they  might  give  on  my  inquiry  as  to  possible  over-estimate  of  the 
daily  consumption  of  water  by  the  city.  These  observations  consisted  of 
measurements  of  depth  of  water  at  various  points  from  Pocantico  to  One 
Hundred  and  Thirty-fifth  street,  some  of  them  made  with  much  difficulty, 
if  not  danger,  by  descending  certain  of  the  shafts  used  in  constructing  the 
aqueduct  and  measuring  to  the  surface  of  the  water  from  points  of  known 
elevation.  Similar  observations  were  again  made  at  the  time  of  Mr.  Watkins* 
current  meter  gaugings.  These  depth  measurements  certainly  indicate  that 
there  was  an  obstruction  of  some  kind  which  at  the  time  of  Mr.  Watkins' 
gaugings,  November  22  and  December  5,  1899,  caused  an  extra  loss  of  head 
of  about  2.3  feet  in  the  Gould's  Swamp  Siphon,  or  near  its  upper  end.  In 
going  this  short  distance  of  1,169  ^^^^>  ^^  normal  loss  with  everything  clean 
should  be  only  about  an  inch.  The  possibility  of  the  obstruction  of  this 
Siphon  is  foreshadowed  by  the  Chief  Engineer  in  the  Aqueduct  Commis- 
sioners' report  of  1895,  at  foot  of  page  87;  but  the  present  loss  in  or  near  the 
Siphon,  according  to  the  series  of  measurements  above  quoted,  has  increased 
during  the  past  summer  at  a  rate  which  it  is  hard  to  understand. 
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Loss  of  head  between  Shafts  1 1  A  and  1 1  B,  near  head  and  foot,  respect- 
ively, of  Gould's  Swamp  Siphon : 

June  7,  1899 Loss,  1.08  ft.  November  4,  1899 Loss,  2.19  ft. 

July  19,   1899 "  1.29    "  November  6,  1899...     "      2.20    '* 

September  13,  1899...     "  1.51    "  November  23,  1899..     "      2.36    " 

October  27,  1899 "  2.17    "  December  5,  1899. . .     "      2.38    " 

October  30,  1899 "  2.08    " 

On  January  16,  since  writing  the  foregoing,  I  am  informed  that  on  December  29,  Mr.  Birdsall 
had  gates  shut  sufficiently  to  lower  the  water  to  a  depth  of  about  3  feet  at  head  of  Gould's  Swamp, 
and  sent  men  in  to  rake  off  the  safety  grating.  This  was  found  badly  obstructed  by  leaves  and 
twigs.  A  small  brick  dam,  perhaps  18  inches  high,  across  bottom  of  aqueduct  built  here  some 
years  ago  was  not  removed.  The  loss  of  head  after  the  above-mentioned  cleaning  dropped  from 
2.49  feet  to  o.  14  feet,  but  a  study  of  gauge  readings  still  shows  excessive  friction  loss  in  the  upper 
nine  miles  of  the  New  Aqueduct,  the  corrected  depth  now  being  0.86  feet  greater  at  the  piezometer 
490  feet  below  the  head  of  aqueduct  than  at  Pocantico. 

Probable  Obstructions  or  Foulness  near  Head  of  Nezu  Croton  Aqueduct. 

Other  observations  in  the  same  series  when  carefully  analyzed,  allowing 
for  the  surface  declivity  or  slope  being  greater  than  the  slope  of  the  invert, 
indicate  that  upstream  from  the  Gould's  Siphon  there  must  be  independent 
cause  for  a  backing  up  of  the  water  6  inches  or  a  foot  near  the  head-gates, 
and  it  looks  as  though  through  a  combination  of  circumstances  the  depth  at 
Pocantico  is  backed  up  from  the  Gould's  Siphon  obstruction  to  about  the 
same  extent  that  depth  near  the  head  is  backed  up  by  obstructions  in  the 
aqueduct  within,  say,  five  miles  of  the  head;  so  that  the  agreement  of  the 
Croton  gauge  with  the  Pocantico  gauge  no  longer  furnished  a  complete 
check. 

A  similar  analysis  of  the  depths  and  surface  slopes,  or  extra  inclination 
below  Gould's  Swamp  and  Ardsley,  indicates  that  this  part  of  the  aqueduct 
is  in  substantially  its  original  condition,  or  with  an  impairment  of  carrying 
capacity  not  exceeding  4  per  cent.  Much  more  time  and  many  more  observ- 
ations and  gaugings,  together  wath  an  inspection  of  the  interior,  are  needed 
to  fully  establish  these  matters,  and  I  have  set  forth  at  this  length  the  indi- 
cations from  incomplete  data,  only  to  emphasize  the  importance  of  closer 
investigation,  which  I  have  had  no  opportunity  to  make,  and  because  of 
the  great  importance  of  the  actual  rate  of  increase  in  the  city's  demand  for 
water,  whose  measurement  rests  on  the  correct  gauging  of  the  flow  in  this 
aqueduct. 

A  study  of  the  profiles  given  in  Sheet  No.  40  of  the  Aqueduct  Commis- 
sioners' report  of  1895  proves  that,  coefficient  being  the  same,  the  flow  can 
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be  computed  accurately  from  the  depths  given  at  any  two  points  two  or  three 
miles  apart,  located  above  the  gate-house  at  South  Yonkers,  by  taking  the 
mean  of  the  depths  at  the  two  points  and  looking  out  the  quantity  in  Aq.  Com. 
Table  No.  14  and  correcting  this  proportionally  to  the  square  root  of  the 
observed  slope  over  the  standard  slope  or  fall  between  the  two  points.  The 
correctness  of  this  rule  for  moderate  distances  was  proved  in  the  case  of  the 
Sudbury  Aqueduct  (see  p.  94,  Boston  Additional  Water  Supply,  1892),  and  I 
find  it  to  hold  good  for  the  upper  section  of  the  Old  Croton  when  clean.  The 
converse  must  be  equally  true,  and  it  would  be  of  great  interest  and  value  in 
tracing  out  the  location  and  extent  of  obstructions  to  start  upstream  from 
the  gauging  station  at  South  Yonkers  w-ith  the  line  of  computed  depths  for 
the  quantity  found  by  the  current  meter,  with  coefficient  based  on  the  aque- 
duct being  clean  or  in  same  condition  as  w^hen  the  table  was  made,  and 
compare  this  with  the  observed  profile — ^thus  obtaining  the  change  in 
coefficient  from  point  to  point. 

Reviewing  the  whole  of  our  present  data  leaves  little  doubt  of  the  sub- 
stantial accuracy  of  Mr.  Watkins'  gauging,  and  I  have  no  doubt  that  with 
the  aqueduct  thoroughly  cleaned  and  the  gauge  corrected,  the  flow  would 
return  to  the  figures  shown  by  this  Table  No.  14  of  Aq.  Com.  Rep.,  '95. 

Conclusions  Regarding  Quantity  Carried  by  Nez<,'  Aqueduct. 

The  reading  of  the  depth  gauge  at  Croton  has  first  been  corrected  for  the 
error  already  described,  and  we  have  then  looked  out  the  quantity  in  Aq.  Com. 
Table  No.  14  corresponding  to  the  average  daily  depth,  and  have  assumed 
that  no  correction  for  impairment  of  carrying  capacity  of  the  New  Aqueduct 
was  needed  for  the  years  1890  to  1893,  inclusive.  From  the  profile  of  depths 
it  seems  clear  that  the  correction  discovered  by  Mr.  Watkins'  gauging  of 
November  3  may  be  applied  from  September  i  to  the  end  of  1899,  ^.nd  that 
the  correction  was  materially  less  earlier  in  the  season.  By  the  profile  for 
June  7  I  infer  that  the  impairment  was  then  materially  less,  and  in  the  absence 
of  complete  data  I  have  assumed  the  impairment  to  have  so  progressed  as  to 
require  the  following  correction  to  the  quantity  by  Table  No.  14,  the  recorded 
depths  being  first  corrected  for  gauge  error : 

1899 — Sept.  to  Dec,  inclusive Deduct  38  million  gallons  per  day. 

1899 — June  to  Aug.,  inclusive "       30 

1899 — Jan.  to  May,  inclusive "       20 

1898   "       16 


20  "  "  "  " 
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1897 Deduct  12  million  gallons  per  day. 

1896  "    9 

1895  "    6 

1894  "    3 

1893  "    o 
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Conclusions  Regarding  Obserz'ed  Yield  of  Croton  Watershed. 

In  accordance  with  the  foregoing  data  I  have  recomputed  the  flow,  day 
by  day  and  year  by  year,  from  the  beginning  of  the  records  in  1868  up  to  the 
end  of  the  year  1899  ^"  ^  volume  which  accompanies  this  report;  and  have 
carefully  compared  this  computation,  month  by  month,  with  the  original 
computation  sheets  of  the  Aqueduct  Commissioners*  Assistant  Engineer, 
which  Mr.  Fteley  very  kindly  permitted  me  to  examine.  The  noteworthy 
differences  between  the  two  sets  of  computations  have  been  carefully  reviewed 
and  good  explanation  found  in  most  cases.  With  the  thousands  of  separate 
measurements  of  depth  found  in  so  long  a  record,  averages  largely  remove 
the  effect  of  occasional  lack  of  precision  of  measurement,  and  at  most,  the 
error  in  the  mean  flow  for  a  month  or  a  year  of  our  new  Croton  record  is  less 
than  the  ordinary  error  of  measurements  of  a  water  supply  by  plunger 
displacement. 

I  believe  that  while  the  record  of  monthly  run-off,  as  it  stands  after  all 
this  adjustment  and  recomputation,  is  not  perfect,  it  is  not  exceeded  in 
accuracy  by  any  record  of  stream  flow  in  existence  for  so  large  a  watershed. 
Of  American  watersheds  that  have  been  accurately  gauged  for  a  long  period 
I  know  of  none  (except  possibly  the  Sudbury)  where  the  record  is  more 
reliable. 

The  difference  between  the  old  estimate  of  run-off  and  the  new  is,  as  a 
whole,  about  10  per  cent,  less  for  the  new,  varying  somewhat  from  month 
to  month,  as  aqueduct  flow  or  waste  over  dam  predominates;  and  after  hav- 
ing considered  the  matter  carefully,  I  venture  the  opinion  that  the  times  are 
very  few  when  the  present  estimate  of  the  mean  outflow  from  Croton  Lake 
for  any  month  is  so  much  as  5  per  cent,  in  error,  and  I  believe  it  probable 
that  the  error  in  the  mean  run-off  for  any  year  rarely,  if  ever,  exceeds  3  per 
cent. 

Whatever  uncertainty  there  is,  comes  mainly  from  lack  of  precision  in 
measurement  of  depth  wasting  over  dam  and  from  the  uncertainty  as  to  the 
condition  of  interior  surface  of  the  two  aqueducts,  or  obstructions  therein, 
and  this,  I  think,  is  as  great  or  greater  during  the  past  few  years  than  at  any 
other  time. 
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Requirements  for  Accurate  Measurement  of   Croton   Yield   in 

Future. 

1st.  Better  means  for  the  accurate  measurement  of  depth  should  be  provided 
at  each  gate-house  on  both  the  Old  Aqueduct  and  the  New  Aque- 
duct. 

2d.  At  stated  frequent  periods,  say  once  a  month,  a  current  meter  gauging 
of  the  flow  in  each  aqueduct  should  be  made  for  the  verification  or 
correction  of  the  flow  computed  from  observation  of  the  depth. 
The  current  meter  itself  should  be  re-rated  once  in  three  months, 
or  two  meters  be  used,  one  as  a  check  on  the  other. 

3d.  An  entirely  new  set  of  record  books,  designed  on  modem  principles, 
should  be  begun,  and  the  same  care  and  skill  and  accuracy  given 
to  keeping  up  a  record  of  daily  water  consumption  and  river  flow 

that  is  given  to  keeping  up  the  daily  pay-roll. 
4th.  A  new  rain-gauge  of  modern  form  should  be  set  at  the  Croton  Dam 
Station,  and  should  preferably  have  no  trees  or  buildings  within 
100  feet,  and  be  on  open,  level  ground,  well  away  from  the  steep 
slope  of  the  hillside. 

At  least  two  additional  rain-gauges  in  the  northeastern  and 
southeastern  corners  of  the  watershed  should  be  established,  and  the 
records  of  all  the  rain-gauges  averaged  instead  of  using  the  Boyd's 
Corner  gauge  alone,  in  figuring  the  per  cent,  of  yield. 

5th.  The  daily  outflow  from  each  ^storage  reservoir  should  be  measured  by 
noting  the  area  of  gate  opening  or  other  efficient  means,  so  that  the 
actual  draft  taken  out  of  storage  may  be  known  independently  of 
the  volume  which  disappears  from  the  reservoir  under  the  com- 
bined effect  of  lowering  of  surface  and  evaporation. 
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Table  No.  i8. 


Total  Storage  Capacity  of  Croton  Reservoirs. 


Namk  op  Reservoir. 


Controlled  Ponds, 


Mahopac. 

Kirk 

Gleneida. 
Gilead  ... 
Barrett's. 
White..., 


Peach 

Waccabuc 

Cross 

China 

Pine 

Long 

Tonetia 

Haines 

Total  special  ponds 


Artificial  Reservoirs. 

Boyd's 

Middle  Branch 

East  Branch  Sodom  (415} ... . 

Bog  Brook  (415) 

Titicus , 

West  Branch  Carmcl 

Amawalk 


Total  artificial  reservoirs. 


Total  controlled  ponds  . . . 


Ponds  Specially  Drawn. 


Total  Visible 
Capacity  up  to 

Present  Level  of 
Spillway  Crest, 

Million  Gallons. 


In  1899. 


9.727 

4.883 

4.'45 

7. '67 

xo.cyo 

7,678 


40.67s 


575 
565 
165 
3^0 
170 

2.X) 


a.055 


230 
300 
ZIO 
IDS 

75 
60 

50 
25 


85  s 


In  1909. 


40,675  j 


2.C55 


•  -  •  •  •  1 


Authority  Tor  Capacity  Stated. 


Table  of  capacity  each  foot  in  depth,  loaned  for  copyinsr 

byG.W.Birdsall. 
Table  of  capacity  each  foot  in  depth,  loaned  for  copyine 

by  CWBirdsall. 

Aq.  Com.  Report,  1895,  p.  70,  Table  6. 
Aq.  Com.  Report,  1895,  p.  71,  Table  7. 

Aq.  Com.  Report,  1895,  p.  73,  Table  7$^. 

Table  of  capacity  at  each  foot,  loaned  for  copying  by 

A.  Fteley. 
Table  oi  capacity  at  each  foot,  loaned  for  copying  by 

G.  W.Birdsall. 

To  the  last  gallon   of  visible  storage. 
Not  including  Old  Croton  Lake. 


Per  report  of  Isaic  Newton.  Chief  Engineer  Croton 
Aqueduct,  January  ^o,  1882,  quoted  by  Wegm'^n, 
water  supply  of  New  York,  p.  189.  (There  are  some 
discrepancies  in  figures  quoted  for  these  ponds  in 
different  reports.) 

Capacities  used  by  Department  of  Water  Supply  are 
slit^htly  different,  viz. :  Mahopac,  5T5  ;  Kirk,  :oo  ; 
Gilead,  400;  Gleneida,  950;  Barrett's,  180;  White, 
350 ;  total,  3,095. 

White  Pond  formerly  xoo,  enlarged  in  1898  to  soo  mil- 
lion gallons  capacity.     See  D.  W.S.  Report,  1898. 

(The  tot.iI  capacity  of  thes<>,  per D.  W.S.  Report,  1898, 
p.  4,  is  x,8oo  million  gallons.) 


These  ponds  are  not  owned  and  their  outlets  are  not 
controlled  by  the  City.  Right  to  draw  temporarily 
was  purchased  by  City  for  great  drought  of  1881 ,  and 
the  amounts  of  water  here  quoted  are  understood  to 
have  been  obtained  or  available. 

Weeman's  quotation,  p.  189  of  report  of  Isaac  Newton, 
Chief  Engineer  Croton  Aqueduct.  January  30.  i88a. 
"  Some  of  these  were  also  drawn  in  1870." 

These  appear  not  to  have  been  drawn  in  great  drought 
of  1891. 

They  are  added  for  quantity  available  should  water 
famine  occur  in  iqox.  but  not  included  in  estimate  of 
permanent  supply  after  1903. 


Yield  of  Croton  Watershed. 


i8s 


Name  op  Reservoir. 


Old  Croton  Lake  after  xgoa  be- ) 
tween  grades  i66.9z  and  165.0. 1 

Old  Croton  Lake  temporarily ) 
additional s 


TotAl   storage  1899. 


Additional  in  New  Croton  Lake) 
above  Muscoot  Sanitary  Dam.  | 


Total  Visible 
Capacity  up  to 

Present  Level  of 
SpUlway  Crest, 

Million  Gallons. 


9.500 


1 


Approximate  contents  (not    yet' 
surveyed)  between  elevations 
T54  and  Z96,  between  old  and 
new  dams,  and  between  ele-  { 
vations  166.23  and  i9^>  betwen  | 
old  and  Muscoot j 


Total 


Increase  possible  by  ^shboards ) 
4  feet  high  to  grade  200. C 

Total  added  by  New  Croton) 
Lake  with  flash  boards  to  200  [ 
above  level  of  full  aqueduct  . .  ) 


3X,700- 


26.500 


66,59c  { 


2,800 


Total    storage  190». 

Added  if  Jerome  Park  Reservoir  I 
be  emptied | 


70.245 

1,900 
72.»45 


Authority  for  Capacity  Stated. 


To  utilize  Old  Aqueduct  to  80  million  gallons  capacity 
per  24  hours  requires  that  water  stand  9.33  feet  deep 
below  bead  gates  by  many  past  records,  which  (see 
1880,  xB8i  and  T876}  also  show  i.o  foot  head  required 
to  overcome  loss  through  gate«,  screens  and  entrance, 
bringing  pond  elevation  to  about  X65,  thus  affording 
only  1.3  feet  available  depth  below  stone  depth. 

Pnor  to  Z902  can  be  drawn  down  7  feet  through  New 
Aqueduct. 

By  drawing  everything  yet  built  to  the  utmost  gallon, 
esclusive  of  the  invisible  storage  of  ground  water. 


Surveys  being  incomplete,  and  Mr.  Fteley  not  caring  to 

go  on  record  with  approximate  figures,  I  venture  the 

following  analysis. 
This  could  be  drawn  off  in  a  great  emergency,  although 

constructed   solely  to   avpid   drawing   off  shallow 

flowage. 


The  capacitv  of  33,cxso  million  gallons  (p.  82.  Aq.  Com. 
Report,  189^)  is  from  grade  of  bottom  of  New  Aque- 
duct, elevation  140  to  grade  of  top  of  proposed  flash- 
boarcs,  elevation  300,  and  includes  contents  of  small 
Muscoot  Dam,  per  Mr.  Fteley's  statement  to  J.  R.  F. 

Full  flow  of  New  Aqueduct  requires  12.85  depth  at  head 
and  probably  at  least  1.X5  feet  loss  throiigh  screens, 
angles,  gates  and  entrance  section,  demanding  that 
lake  be  not  drawn  below  elevation  154  lor  tull  sup- 
ply. Contents  between  140  and  154  not  being 
available,  deducts  probably  at  least  a,8oo  million 
gallons. 


Total  controlled  In 
boards  on  dams* 


1909   witl&oat   flasli 


Plan  for  stone  crest  of  spillway  was  lowered  from  eleva- 
tion :}oo  to  elevation  X96  at  request  f^f  Department  of 
Public  Works.  1  his,  I  estimate,  cuts  off  about  from 
p,ooo  to  3,800  million  gallons,  which  can  be  regained 
by  flashboards  4  teet  high. 


Starting  with  4-fo^t  fla«-hboards  on  New  Croton  dam, 
and  all  reservoirs  entirely  full,  mcluding  pands  not 
owned,  but  drawn  in  X870,  1880  and  1881. 

By  drawing  everything  to  the  last  eallon,  not  including 
any  allowance  for  invisible  storage  ot  ground  water 
in  reservoir  margins. 

This  70,245  isillion  gallons  does  not  include  Jerome  Park 
Reservoir,  capacity  x,9co  million  gallons,  which  is 
properly  a  distributing  reservoir,  and  cannot  be 
drawn  empty  without  serious  disturbance  ol  water 
pressure  in  tne  city. 

Total  storage  in  190a  nrltii  Jerome  Park. 


A  comparison  of  the  actual  storage  depletion  in  the  great  droughts  in  1880  and  189X  with  the  storage  capacity 
that  would  have  been  available  had  every  reservoir  been  tull  at  beginning  of  droughts,  shows  that  from  one  cause 
and  another  the  .storage  capacity  really  available  was  only  about  90  per  cent,  of  the  nominal  amount.  There 
appears  to  have  been  no  material  assistance  from  ground  water  storage  but  data  on  ground  water  here  are  not  very 
dfcfinite. 

A  storage  of  70,000  million  gallons  gives  203  million  gallons  per  square  mile  of  net  land  surface. 

A  storage  of  65,oro  million  gallons  gives  180  million  gallons  per  square  mile  of  net  land  surface. 

The  total  ccntrolled  in  1902,  without  flashboards,  66,590  million  gallons,  gives  193  million  gallons  per  square 
mile  of  net  land  surface. 
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Modification   of   Natural  Flow   of   Croton   River   by   Draft    from   Storage 

Reservoirs, 

The  estimates  of  yield  of  the  Croton  Watershed  for  each  month  from 
1870  to  1886,  given  in  Tables  Nos.  2  and  3  of  the  Aqueduct  Commissioners* 
report  of  1887,  and  reproduced  with  extension  to  the  year  1894,  as  Table  No. 
13  of  the  report  of  1895,  did  not  contain  any  allowance  whatever  for  water 
drawn  from  storage  prior  to  1891,  and  therefore  do  not  properly  represent 
the  natural  flow  of  the  stream.  This  I  find  by  personal  examination  of  the 
original  computation  sheets,  which  I  was  permitted  to  make  through  the 
courtesy  of  Mr.  A.  Fteley,  Chief  Engineer. 

For  the  years  1891  to  1894,  inclusive,  the  observed  flow,  before  insertion 
in  the  table  published  in  Commissioners'  report  for  1895,  was  corrected  for 
the  depletion  and  refilling  of  the  East  Branch  and  Bog  Brook  Reservoirs 
only;  no  allowance  whatever  was  made  for  the  storage  water  drawn  from 
Boyd's  Corner,  Middle  Branch,  Croton  Lake  and  the  controlled  ponds. 
This  was  discovered  not  long  ago  by  Mr.  Fteley,  and  for  the  years  1891  to 
1899  the  flow  had  recently  been  recomputed  (but  not  yet  officially  printed), 
by  allowing  for  the  storage  drawn  from  all  existing  reservoirs,  except 
Croton  Lake  and  the  controlled  lakes,  Kirk,  Mahopac,  Gilead,  Gleneida  and 
White. 

It  was  therefore  found  necessary  to  make  a  new  computation  of  this' 
eiTect  of  storage  upon  yield  from  1868  to  1899,  inclusive,  beginning  first  with 
the  modification  of  natural  run-oflf  due  to  fluctuation  in  height  of  Old  Cro- 
ton Lake,  and,  from  the  best  records  available,  to  make  allowance  for  the 
draft  and  replenishing  of  the  natural  ponds,  Peach,  Waccabuc,  Cross,  China, 
Pine,  Long,  Haines  and  Tonetta,  whose  water  was  bought  in  the  great 
droughts  of  1870  and  1880  and  1881.  I  have  also  allowed  for  the  changes 
from  month  to  month  in  the  levels  of  the  natural  lakes,  Kirk,  Mahopac, 
Gilead,  Gleneida,  Barretts  and  White,  bought  by  the  city  and  now  utilized 
as  a  part  of  its  storage  system ;  and  have  also  allowed  fully  for  the  draft  and 
replenishing  of  each  of  the  large  storage'  reservoirs,  Boyd's,  Middle  Branch, 
East  Branch,  Titicus,  West  Branch  and  Amawalk,  as  these  were  successively 
filled  and  used. 

For  computing  these  storage  volumes  drawn  and  replenished,  the  eleva- 
tion of  the  water  surface  or  its  distance  in  feet  and  inches  below  the  spill- 
wav  crest,  has  been  taken  for  the  last  dav  of  each  month  from  the  records  in 
the  office  of  Mr.  Birdsall,  Chief  Engineer  of  the  Department  of  Water  Sup- 


Fig.  46       CONTENTS  IN  MILLION  GALLONS  remaining  In  STORAGE  RESI 


tVOIRS  when  drawn  a  certain  number  of  feet  below  spillway  creet. 
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STORAGE    RESERVOIRS    : 

IN   THE                                                   I 

CROTON   WATER  SHED. 

Comparative  Capacity  and  Contents  at 
Various  Depths. 
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Compiled  by  J.  R.  FREEMAN,  C.  E.,  Oct.,  1899, 

MAINLY  FROM  DATA  FURNISHED  lY 

G.  W.  BIRDSALL, 

Chief  Enqineer,  Department  op  Water  Supply, 
NEW    YORK. 

r 
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Yield  OF  Crotox  Watershed.  189 

ply,  and  applied  to  the  table  of  storage  contents  of  each  reservoir 
derived  from  surveys,  used  by  the  Department.  These  tables  of  storage 
volumes  of  each  reservoir  were  converted  for  convenience  of  use  into  a  large 
scale  diagram,  of  which  the  following  reduced  copy  is  of  interest  for  showing 
the  comparative  capacity  and  depth  of  the  different  storage  reservoirs. 


Additiofi  to  Visible  Storage  by  Ground  Water  Storage. 

In  this  computation  of  amount  of  water  drawn  from  storage,  no  allow- 
ance has  been  made  for  the  storage  6f  ground  water  in  the  gravelly  margins 
of  any  of  these  reservoirs,  and  the  best  data  that  I  am  able  to  obtain  justifies 
this  course.  From  carefully  studying  the  rate  at  which  these  reservoirs  were 
actually  drawn  in  the  great  droughts  of  1891  and  1895,  I  can  find  no  indica- 
tion of  material  aid  from  ground  water  storage  properly  so  called.  Mr.  G.  W. 
Birdsall,  Chief  Engineer,  Department  Water  Supply,  states  that  from  his 
knowledge  of  the  Croton  Basin  and  his  experience  in  managing  its  reser- 
voirs, he  believes  that  any  increase  of  flow  from  this  source  must  be  very 
small,  and  that  over  most  of  the  Croton  basins,  impervious  hard-pan  lies 
within  18  inches  of  the  surface  of  the  ground.  Mr.  J.  J.  R.  Croes,  who  super- 
vised the  construction  of  the  Boyd's  Comer  Reservoir,  and  was  on  the 
ground  most  of  the  time  for  five  years,  tells  me  that  he  believes  there  is  very 
little  ground  water  storage  on  that  basin. 

The  experienced  engineers  of  Boston's  Water  Supply,  Mr.  F.  P.  Steams 
and  Mr.  Desmond  Fitzgerald,  while  recognizing  that  ground  water  storage 
formed  a  noteworthy  addition  to  the  capacity  of  the  Nashua  and  Sudbury 
Reservoirs,  in  view  of  the  indefiniteness  which  surrounds  the  subject,  con- 
sidered it  prudent  to  not  include  a  definite  allowance  for  ground  water  stor- 
age in  their  estimates  of  available  yield,  but  let  it  go  as  reserve  against  the 
possibility  of  future  drought  more  severe  than  any  yet  recorded  (see  also 
Fitzgerald,  Trans.  Am,  Soc.  C.  E.,  1892,  vol.  2,  p.  306). 

I  have  followed  a  similar  course  in  these  computations,  and  whatever 
ground  water  storage  may  exist  is  treated,  in  the  present  estimate  of  Croton 
yiePd,  only  as  a  part  of  the  prudent  reserve  toward  the  possibility  of  the 
occurrence  of  some  longer  period  of  low  rainfall  in  the  future  than  has 
occurred  in  the  past  thirty-two  years.  We  will  not  dismiss  the  subject  of 
ground  water  storage  without  some  further  comment. 

There  is  without  doubt  some  augmentation  of  the  visible  storage  drawn 
from  these  reservoirs,  by  ground  water  stored  in  the  saturated  sands  and 
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gravels  of  the  reservoir  margins,  which  slowly  drains  into  the  reservoir  as  its 
level  is  lowered;  but  the  distinction  must  be  clearly  kept  in  mind  between  this 
true  ground  water  storage  and  the  inflow  of  ground  water  percolating  slowly 
down  the  hillside  toward  the  bottom  of  the  valley  irrespective  of  whether  a 
reservoir  has  been  built  there  or  not.  Failure  to  keep  this  distinction  in  mind 
has  sometimes  led  to  over-estimates  of  the  effect  of  ground  water  storage, 
and  it  must  be  clearly  understood  that  although  a  considerable  stream  may 
come  into  the  bottom  of  a  reservoir  for  a  few  weeks  while  it  is  drawn  to  the 
lowest  point,  that  the  total  augmentation  in  per  cent,  of  the  entire  volume 
which  it  can  hold  may  be  very  small. 

Obviously,  the  per  cent,  of  increased  storage  that  will  be  so  obtained 
will  vary  greatly  at  different  reservoir  sites.  In  a  broad  gravelly  plain, 
like  those  around  some  of  the  Brooklyn  Reservoirs,  it  will  be  extremely 
large ;  while  in  a  hilly,  rocky  country,  with  shallow  soil,  or  where  the  reser- 
voir lies  in  a  "  hard  pan  "  formation  or  •  "  puddling  gravel  "  or  in  what 
geologists  call  the  unmodified  glacial  drift  or  bowlder  clay,  it  will  be 
extremely  small. 

We  have  no  data  upon  the  surroundings  of  the  various  reservoirs- in  the 
Croton  Watershed  from  which  this  available  volume  of  porous  gravel  can  be 
estimated,  and  the  opinions  of  two  well-informed  engineers  familiar  with  this 
territory  are  given  above  to  the  effect  that  this  is  small. 

The  only  complete  measurements  on  record  in  this  country,  so  far*  as 
known  to  the  writer,  of  the  per  cent,  of  gain  or  addition  to  the  visible  storage 
by  this  invisible  ground  water  storage,  are  those  made  by  Mr.  Desmond  Fitz- 
gerald upon  Basin  No.  4  of  the  Sudbury  (see  Trans.  Am.  Soc.  C.  E.,  1892,  vol. 
2,  p.  305),  which  showed  that  in  that  reservoir  of  162  acres,  rather  high  in  the 
watershed,  in  the  unmodified  sand  and  gravel  and  clays  of  glacial  drift,  when 
slowly  drawn  down  12  feet  in  two  and  one-half  months,  after  allozinng  for  the 
influx  of  ground  water  doum  the  sides  of  the  valley y  as  subsequently  measured 
by  holding  the  reservoir  level,  and  also  allowing  carefully  for  the  actual  evap- 
oration at  that  time  and  place  by  an  evaporometer  regularly  observed,  it 
was  found  that  this  invisible  storage  added  8  per  cent,  to  the  visible  supply. 

From  such  recollections  as  I  have  of  this  Sudbury  site  in  comparison 
with  what  I  have  been  able  to  see  of  the  Croton  Reservoir  sites,  I  am 
inclined  to  believe  that  the  ground  water  storage  on  the  average  of  all  the 
Croton  Reservoirs  would  be  less  than  that  found  on  this  one  of  the  Sudbury 
basins. 
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To  get  more  light  on  this  matter  I  carefully  studied  the  records  of  daily 
height  and  of  quantity  drawn  from  each  Croton  storage  reservoir  day  by 
day  in  the  drought  of  1891  (correcting  meanwhile  for  rainfall  on  and  evapora- 
tion from  the  reservoir  surfaces),  to  see  if  the  outflow  as  measured  through 
the  sluices  was  the  same  as  that  measured  by  the  product  of  the  loss  in  depth 
and  the  surveyed  area  of  pond.  Unfortunately,  at  several  of  the  reservoirs 
the  measurement  of -the  delivery  ordered  from  day  to  day  by  the  Chief  Engi- 
neer is  not  made  at  the  sluice,  but  is  measured  by  opening  the  gate  long 
enough  to  drop  the  water  level  to  a  point  which,  according  to  the  table  of 
reservoir  capacities,  will  yield  the  volume  ordered.  Thus,  at  Boyd's  and 
Middle  Branch  the  ordered  volume  discharged  agrees  almost  exactly  with 
the  volume  measured  by  loss  of  depth,  while  at  East  Branch  Reservoir, 
where  it  is  fairly  well  established  that  the  outflow  was  measured  by  the  tables 
of  sluice  discharge,  understood  to  have  been  prepared  by  the  engineers  of 
the  Aqueduct  Commission,  there  is  a  surplus  yield  averaging  at  times  about 
37  per  cent,  of  the  visible  storage  depletion,  much  the  greater  part  of  which 
appears  when  the  reservoir  is  nearly  empty. 

The  conditions  which  exist  at  East  Branch  Reservoir  are  not  found  at 
the.  other  Croton  Reservoirs.  At  the  head  of  East  Branch  Reservoir  is  a 
very  long  and  very  large  gravelly  swamp*  through  which  the  East  Branch 
river  flows  with  very  slight  declivity,  and  the  watershed  is  of  75  square  miles 
area;  so  the  natural  slow  drainage  from  this  large  swamp  and  the  natural 
yield  of  a  watershed  of  this  size  may  largely  account  for  this  37  per  cent., 
almost  apart  from  any  true  ground  w-ater  storage. 

At  the  other  Croton  Reservoirs  in  189 1  there  were  intermissions  in  the 
period  of  drawing,  during  which  outlet  gates  were  tightly  closed.  The  water 
rose  very  slowly  during  these  intermissions. 

After  all,  the  practical  question  is: 

Can  we  get  an  outflow  measured  through  the  sluices,  or  measured  into  the 
aqueduct y  which  will  he  greater  than  the  volume  estimated  from  the  surveyed  area 
and  depth  of  these  reservoirs? 


*In  the  report  upon  the  geology  of  the  Ten  Mile  River  dam  sites  on  page  582,  will  be 
found  the  interesting  statement  that  this  swamp  is  probably  the  bed  of  a  broad,  ancient  river 
which  thousands  of  years  ago  flowed  from  the  Ten  Mile  Basin  down  past  Pawling,  and  filled  a 
mach  larger  channel  than  the  present  East  Branch  of  the  Croton. 
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The  answer  is: 

The  records  of  aqueduct  delivcn-  during  the  severest  droughts  of  past 
years  indicate  that  the  total  amount  actually  obtained  from  storage  was  no  more 
than  the  z'isible  surveyed  capacity  and  probably  was  10  per  cent,  less  (see  Deple- 
tion Diagram,  Fig.  3-B,  p.  29,  for  Nov.,  1891,  and  for  1895). 

Correction  for  Effect  of  Increased  Evaporation  from  IVatersIted  Due  to  Substi- 
tuting Water  Surface  for  Land  Surface  in  the  Construction  of  New 
Reservoirs. 

When  the  New  Croton  Lake  is  filled,  eleven  square  miles  of  water  sur- 
face will  have  been  added  in  the  Croton  Watershed  since  1873,  and  ten 
square  miles  of  this  added  since  the  drought  of  188 1. 

The  evaporation  from  an  exposed  water  surface  is  so  much  greater  than 
from  the  average  land  surface  that  it  is  the  custom  of  many  experienced 
engineers  to^deduct  the  water  surface  entirely  in  estimating  the  area  of  a 
watershed.  The  more  accurate  experiments  of  recent  years  have  shown  that 
the  loss  is  not  so  great  as  this,  and  the  extended  experiments  of  Mr.  Des- 
mond Fitzgerald  upon  evaporation  enable  us  to  estimate  the  effect  with 
tolerable  accuracy. 

The  evaporation  from  a  water  surface  being  mainly  a  question  of  tem- 
perature of  the  air  and  of  its  motion,  averages  very  nearly  the  same  from 
year  to  year,  while  varying  widely  from  month  to  month  according  to  the 
temperature. 

The  evaporation  from  a  land  surface  depends  on  the  wetness  of  that 
surface  or  of  the  dampness  of  the  earth  near  the  surface  as  much  as  upon 
the  temperature,  and  therefore  varies  much  with  variation  in  rain  and  wind 
from  year  to  year. 

Our  best  measure  of  the  evaporation  from  the  land  surface  is  the  differ- 
ence between  the  rainfall  and  the  run-off  of  the  stream,  but  this  is  compli- 
cated by  the  many  months  required  for  much  of  the  ground  water  to  find  its 
way  from  w^here  it  falls  by  slowly  percolating  through  the  interstices  of  the 
earth  toward  the  bottom  of  the  valley;  and  the  individual  gallon  of  water 
that  sinks  during  a  shower  into  the  square  yard  of  sandy  soil  high  on  a  side 
hill  may  be  ^\t  years  in  reaching  the  stream,  while  another  portion  of  the 
same  rainfall  reaches  it  in  a  month  through  a  shorter  or  more  porous  course ; 
so  to  get  accurate  results,  a  long  period  of  observations  of  rainfall  and  flow 
must  be  taken. 
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Speaking  broadly,  the  annual  evaporation  from  a  water  surface  under 
conditions  fairly  comparable  with  the  Croton  Reservoirs  is  39  inches  in  depth 
per  year,  while  from  the  land  surface  in  an  average  year  the  Croton  records 
indicate  the  evaporation  to  be  24.9  inches ;  or,  in  the  average  of  the  four  dry 
years,  1880,  1881,  1891  and  1895,  24.5  inches. 

Since  it  is  in  dry  years  and  in  the  dry  months  that  the  effect  of  this  loss 
will  be  most  severely  felt,  I  have  made  the  following  computation  of  the 
probable  average  loss  in  a  dry  year,  month  by  month.  This  loss,  due  to 
substituting  water  surface  for  land,  as  each  successive  reservoir  site  was 
flooded,  though  small,  is  appreciable. 
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Table 

Influence  of  Evaporation  from  New  Reservoirs 


Effect  of  Substituting  one  Square  Mile  of  Water  Surface  for  one  Square 


Run  off  from  Water  Surface. 

Run  off  From 
Net  Receipts  From  Land 

Mean  monthly  evaporation  in  inches,  from  a 
water  surl'ace,  per  Fitzgerald  Expt's.     See 
transc.  A.  S.  C.  E.,  1892,  p.  275. 

Net  gain  or  loss  in  inches  on  water 
suriace,    being    excess    or    defi- 
ciency of  the  observed  rainfall  on 
Croton   watershed   for  the  given 
month     and     year,     over     mean 
evaporation    from    a    water  sur- 
face per  column  2. 

Equivalent  million  gallons 
per  month  derived  in 
each  of  the  years  from 
the     water     surfaces 
given  below. 

Natural  run  off  of  Net 
Months 

Million    Gallons  per   Month 
from  the   Net  Land  Sur- 
faces Given  Below. 

Month. 

Depth  in  Inches. 

1880. 

6.12 
Sq.M. 

Col.  3 

X 

106.4 

l88r. 

6.12 

Sq.  M. 
Col.  4 

X 

106,4 

1891. 
7.66 

Sq-.  M. 
Col.  5 

X 

133-1 

x895- 

10.^2 
Sq.M. 

Col.  6 

X 

179-4 

x88o. 

1881. 

XS9I. 

1895. 

1880. 

x88x. 

1891. 

5 

1895. 

Aver- 
age of 
x88o, 
1881, 
1891, 
1K95. 

o3 
St" 

en 

75  C 
^  0 

cn 

M 

mo  £ 

od'B  — 
« 
"1 

I 

2 

0.96 
X.05 
X.70 

2.97 
4.46 

5-54 
5.98 

5.50 
4.12 
3.16 
a. 25 
1.51 

39 -20 

3 

4 

+3-77 
4-4.20 

+4.45 

— '  59 
— 0.84 

— 0.46 

-3.80 

-a.  79 

—3-34 

—0.34 

4-2.98 

+4.93 

6 

7 

8 

+285 
4-219 
+285 

+^4 
-361 

—442 

—  24 

—144 
—181 

—  35 
+    8 
+116 

9 

10 

II 

12 

14.990 
16,240 
x6,iSo 
11,420 
5. 400 
2,130 

X.540 
980 

1.340 

960 

2,820 

9,120 

75.420 

13 

14 

15 

January.... 
February. . . 

March 

April 

May 

June 

July 

August  .... 
September . 
October 

November. . 
December  . 

+2.68 
4-2.06 
4-2.68 
-{-0.60 

—3.39 

—4. '5 
—0.23 

-1. 35 
— 1.70 

-0.33 
4-C.07 
4-1.C9 

—1.97 

4-8.03 

+4-67 
4-1.72 
+0  07 
-2.84 

-3.36 
—T.89 
—0.32 
— 2.10 
—0.88 
-j-1.20 

+3-94 
f8.24 

+3-45 
4-0.86 

+0.44 
4-1.72 

—2.51 
—2.99 
— 0.98 
—1.56 

—3-13 
4-0.49 

4-1.08 

42.96 

+4.50 

+3-95 
+2.32 

-|-0a20 

— 2.40 
—a.  74 

— X.75 
— X.5X 

—2.57 
— 0.27 

+  1.55 

+3.23 

+401 
+447 

+474 
— 169 

-89 

—  49 
—405 
—297 

-356 

-  36 
+317 
+525 

+X069 
4-  632 
+  229 

+      9 
-378 

—  447 

—  252 

—  43 

—  279 

—  117 

\-  160 
+  524 

+619 
+154 
+  79 
+309 
—450 
-536 
-X76 
—280 
-562 
4-  88 
+355 
+53« 

4,260 
26,6X0 

35.570 

10,140 

7,260 

8,900 

2,650 

750 

60 

2.490 

2,650 

11,260 

37,080 

3x,i5o 
25  680 

15, ICO 

5.X80 
3.810 
1,740 
1,900 
1.870 
'.470 
3.450 
8,720 

17,6-0 

5,600 

20,020 

2I,8lO 

7.560 
2,490 
2,950 

x,76o 
1,870 

X,820 

3.960 

6,640 

94,190 

Total . . 

+7.17 

4-0.73 

+3-  54 

—210 

+763 

4-1097 

+X31 

XI2,630 

137.150 

The  rainfall  used  in  the  abDve  is  a  mean  of  Boyd's,  Croton  and  Middle  Branch,  giving  weight  to  each,  as  follows 
This  differs  slightly  from  the  final  adjustment  of  rainfall  records,  which  include  the  Carmel  gauge. 
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upon  yield  of  Crot-m  Watershed. 


Mile  of  Land  Surface  in  certain  Representative  Years  of  Scant  Yield. 


Land  StiHace. 

Water  Surface 

Surlace  and  Subsoil. 

vs.  Lands. 

Practical  Effect  m  Different  Periods. 

Land  Surface  for  the  Years  and 

Given  Below. 

Net   Gain  or 
Loss     from 
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Net   Gain  or  Loss   in   Million   Gallons  per  day 
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Land  Surface,  to  the  Extent  given  Below. 
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Evaporation  Loss  from  Reservoirs, 

Having  introduced  the  values  found  by  Table  20  in  column  4  of  the  book 
of  computations  of  storage  depletion,  see  Table  No.  24  for  sample  page,  no 
further  correction  need  be  made  for  loss  in  storage  volume  by  evaporation 
from  the  natural  ponds,  controlled  lakes  and  storage  reservoirs  that  were  in 
existence  at  time  of  the  given  measurement. 

To  be  more  specific,  take  the  case  of  September,  1881,  the  total  water 
surface  with  reservoir  full  was  6.1  square  miles. 

The  observed  measured  outflow  from  Croton  Lake 

was  85.4  million  gallons  per  day  for  30  days. .      2,562  million  gallons. 

Within  these  30  days,  the  lowering  of  the  reservoirs 
and  ponds  corresponds  to  a  release  from  visible 
storage  of  2,855 

But  part  of  this  storage  went  out  by  evaporation; 
probably  4.12  inches  in  depth  over  6.1  square 
miles  was  lost  by  evaporation,  while  0.78  inch 
was  gained  by  rain  falling  directly  into  reser- 
voirs, making  a  net  loss  of  3.34  inches,  equiv- 
alent to   356 

Leaving  to  flow  down  into  the  aqueduct  from  stor- 
age only   2,499 

Whence  we  might  say  that  had  there  been  no  part 
of  the  6.1  square  miles  of  water  surface  and  no 
storage  reservoirs,  the  natural  run-oflf  of  the 
stream  would  have  been 63 


Sf  t( 


a  t( 


it  a 


tt  t( 


'  But  that  is  not  what  we  want.  We  want,  as  a  step  toward  further  com- 
putations, to  know  the  natural  outflow  from  this  watershed  containing  this 
6.1  square  miles  of  water  surface.  And  this  we  get  by  disregarding  the 
evaporation  and  subtracting  the  total  depletion  of  visible  storage  from  the 
observed  outflow,  2,562  —  2,855  ==  minus  293  million  gallons. 

There  are  two  months  found  where  the  natural  flow  thus  derived  comes 
out  a  minus  quantity. 

This  being  a  minus  quantity  does  not  mean  that  no  water  would  actually 
have  run  out  past  Croton  Dam,  but  means  that  the  watershed  as  a  whole 
sustains  a  loss  during  the  month  which  must  be  made  good  sometime  later. 

At  the  next  step  in  our  estimates,  that   of   computing   the  amount  of 
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storage  needed  for  a  greater  rate  of  draft  by  the  aqueducts,  the  same  6.1 
square  miles  of  original  water  surface  will  in  future  suffer  the  same  evapora- 
tion that  it  did  while  the  earlier  measurement  of  outflow  was  being  made; 
and  thus  by  the  method  followed,  having  first  corrected  for  the  effect  of  the 
10  square  miles  of  water  surface  added  between  1881  and  1902  in  causing 
evaporation  loss,  we  introduce  no  error  into  the  computation  by  ignoring 
evaporation  from  the  original  water  surface. 

No  allowance  has  been  made  for  the  variation  in  evaporation  due  to  the 
change  in  the  area  of  water  surface  as  the  reservoir  lowers. 

To  exhibit  clearly  the  successive  steps  in  our  method  of  estimating  the 
actual  flow,  day  by  day  and  month  by  month,  for  the  past  thirty-two  years, 
and  the  changes  that  the  construction  of  new  reservoirs  will  introduce,  and 
the  future  yield  possible  from  the  same  rainfall  as  in  the  past,  we  present  the 
following  sample  pages  from  the  record  during  the  drought  of  1891. 

A  volume  of  about  500  similar  pages,  containing  these  computations  for 
the  past  thirty-two  years  in  detail,  will  be  handed  you  to  be  submitted  to  such 
further  examination  as  may  be  desired,  or  to  be  filed  with  the  records  of  the 
Water  Department  for  future  reference. 
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Table 

Influence  of  Evaporation  Jrom  New  /Reservoirs 


Effect  of  Substituting  one  Square  Mile  of  Water  Surface  for  one  Square 


Month. 


o 
>«  / 

•-  vt 

•StS  • 

a  {«   . 

*•  bo  « 

•Sag. 

Our 

CM 
2    U    O 


January... 
February. . 
March . . . . 

April 

May 

June 

July 

August  ... 
September 
October. .. 
November. 
December 


Run  off  from  Water  Surface. 


6C^ 


0.96 

1.05 
X.70 

2.97 
4.46 

5.54 
5.98 
5-50 

4.X2 

3.16 
3.25 
I.5J 


Total . . 


39.20 


Net  gain  or  loss  in  inches  on  water 
surface,  being  excess  or  defi- 
ciency of  the  observed  rainfall  on 
Croton  watershed  for  the  given 
month  and  year,  over  mean 
evaporation  from  a  water  sur- 
face per  column  2. 


Equivalent  million  gallons 
per  month  derived  in 
each  of  the  years  from 
the  water  surfaces 
given  below. 


Depth  in  Inches. 


1880. 


x88i. 


189X. 


189s. 


Aver- 
age of 
1880. 
1S81, 
1891, 
1S95. 


+2.68 
4-2.06 
+2.68 
4-0.60 

—3-39 
—4- '5 
—0.23 

-'•35 
— 1.70 

-0-33 
4-C.07 
-t  1.C9 


+3-77 
I-4.20 

+4-45 

— «  59 
— 0.84 

^.46 
—3.80 

;-a-79 
—3-34 

—0.34 

4-2.98 

r4-93 


4-8.03 
4-4.67 
4-1.72 
4-0  07 
—2.84 

—3-36 
—1.89 
—0.32 
— 2.10 
—0.88 
4-1.20 
4-3-94 


+3-45 
,4-0.86 

tO-44 
,4-1.72 

— 2.5» 

—2.99 

, — 0.98 

1—1.56 

—3-13 
4-0.49 

41.98 

4-2.96 


1-4-50 

l+a-95 
1 4-2. 32 

\  0.20 
— 2.40 
—2.74 
— X.73 
— X-5X 
—2.57 
—0.27 

[-1.55 
-T-3.23 


— 1.97  '+7-I7 


f8.24  14-0.73    4-3.54 


1880. 

188  r. 

6.12 

6.12 

Sq.M. 

Sq.  M. 

Col.  3 

Col.  4 

X 

X 

106.4 

106.4 

:  8 

9 

4-285 

4-401 

+219 

+447 

4-285 

+474 

+C4 

— 169 

-361 

-89 

—442 

—  49 

—  24 

1 

—405 

-.44 

—297 

—181 

! 

-356 

—  35 

-36 

+    8 

+317 

■4-116 

4-525 

—210 

+763 

1891. 

7.66 

Sq-.  M. 
Col.  5 

X 

133- » 


10 


1895. 

IO,-^2 

Sq.M. 
Col.  6 

X 

179-4 


II 


4-1069  -r-619 

4-  622  4-154 
4-  229  4-  79 


+      9 
-378 

—  447 


-f309 
—450 

-536 


—  252  — 176 

—  43  —280 

—  379  — 562 


—  XI7 

\-  160 
+  524 


4-  88 
4-355 
-f-53« 


4-1097 


-[-131 


Run  off  From 
Net  Receipts  From  Land 


Natural  run  off  of  Net 
Months 


Million  Gallons  per  Month 
from  ihe  Net  Land  Sur- 
faces Given  Below. 


x88o. 

1881. 

^^        m 

^•^       •» 

■«  ^ 

CJ   1; 

4^  -^ 

*^  — 

0.0 

0X1 

f'fS 

F-4   (3 

-s'^ 

-^^-o 

&  '-J 

o-    U 

ffi  ^   V. 

C/5   ^   « 

::^M 

m 

I'l 

0 

fO 

12 

13 

14.290 

4,260 

16,240 

26,6x0 

16,180 

35.570 

11,420 

10,140 

5.400 

7,260 

2,130 

8,900 

1.540 

2,650 

980 

750 

1.340 

60 

I69I. 


"  o 

o"    U 


14 


1895. 


M 
«    L^     M 

.  *^  o 

C    .'J 

N 


15 


960 
2,820 
3,120 


2.490 , 
8,650 
11,260 


37,080 

X7,6co 

3i.»5o 

5,6jo 

25  680 

2C,02J 

15, ICO 

2I,8,0 

5,183 

7.56J 

3,810 

2,490 

X.740 

2,950 

1,900 

1,760 

X.870 

1,870 

1.470 

X,890 

3.450 

3.960 

8,720 

6,640 

75.420 


X12,6;x>  137,150 


94.190 


The  rainfall  used  in  the  ab)ve  is  a  mean  of  Boyd's,  Croton  and  Middle  Branch,  giving  weight  to  each,  as  follows 
This  differs  slightly  from  the  final  adjustment  of  rainfall  records,  which  include  the  Cannel  gauge. 


Yield  of  Croton  Watershed. 


205 


No.  25. 

at  Old  Croton  Dam,  incltiding  Storage  Drafts 
Freeman,  C.  E.,  February,  1900.) 

WATER   SURFACE  EXPOSED  TO  EVAPORATION. 


5.8  sq.  m.,  1868  to  1873  =-  1.73  per  cent. 

9.5  sq.  m.,  1893  to  1895  =»  2.82  per  cent. 

6.2      "       1873  to  Oct.,  1878— 1.83. 

ii.o      "       1895  to  1897  =-3.28. 

6.9      **       1878  to  1891  «  2.03. 

12.0      "       1897  to  1900  —  3.56. 

8.4      *'       1891  to  1893  =-  2.48. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 
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672 
Z,2C8 

134 
274 

1.175 

490 

7^5 
657 

234 
516 
724 

458 
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494 

124 

8SS 

X,027 

397 
830 
882 

Z&8 
652 

493 

987 

304 
97 

Z,ICI 

334 
117 

513 
148 
103 

287 

ass 
251 

892 
318 

152 

356 
148 

89 

322 
228 
294 

243 

390 
29  z 
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235 
X17 

94 
92s 
146 

90 

84 
66 

84 
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60 

133 
109 
409 
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191 
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85 
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85 
85 

"4 

85 
581 

8S 
85 
86 
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65 
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79 

17s 
755 
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! 

153 
360 

1.327 

loS 

13s 

320 

89 

85 

8d 

398 

376 
Z63 

2X6 

xzo 

Z17 
Z04 

396 

346 

319 

427 

327 

216 

29s 

378 

225 

IS9I. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1.230 
1,136 

756 

650 
270 
328 

325 

5S8 

x,zz4 

287 
401 
88x 

S14 
200 

586 

335 

454 

X,OIZ 

340 

4x6 

535 

653 

950 

573 

69s 

5t>3 

x,326 

440 

x6i 
X42 

213 

253 
214 

6z9 

x,o48 

183 

422 

3*2 

274 

690 
227 

165 

5" 
102 
201 

440 
362 

386 
852 
340 

72} 

317 
337 

»43 
148 
M4 

x6o 
156 
Z72 

X62 

189 
Z64 

167 
i6z 
Z69 

171 
179 

187 

303 

.94, 

465 
534 

33Z 

ao7 

387 
326 

320 
329 
225 

140 

X33 

215 

ISO 
271 

285 

216 
273 
569 

158 
426 

387 

164 
158 
165 

«95 
284 
300 

194 
199 

393 

253 
367 

584 

228 
338 
237 

394 

26Z 

45» 

338 

283 

32  X 

367 

479 

425 
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Table 

Natural  Average  Daily  Flow  of  Croion  River  at  Old  Croton  Dam^  including 

(Estimate  of  John   R. 
Computed  from  observed  flow  by  deducting  the  quantity  corresponding  to  lowering  of  Storage 
Reservoirs  or  adding  the  quantity  taken  to  refill,  without  allowance  for  evaporation  loss  from 
Storage  Reservoirs. 

Average  for  each  calendar  month  in  million  gallons  per  24-hour  day. 


Months. 


January  

February 

March 

April 

May 

June 

July 

August 

September < 

October 

November , 

December 

Avei-age  for  year 


1868. 


33a 
74a 


665 

X.013 

577 

186 
350 


503 
692 
364 


536 


1869. 


380 
371 
945 


592 
484 
229 


I03 
58 

35 


453 
364 
547 


381 


1870. 


672 
810 
6o3 


785 

303 

MI 

81 
78 

30 

48 
no 

lOI 


310 


1871. 


410 
595 


344 
3«3 
«44 


117 

143 

106 


338 

654 
381 


3«4 


1872. 


347 
217 
292 


54  » 

209 

205 


99 
276 

208 


182 

463 
236 


1873. 


729 
687 


1,267 
85 


84 
125 

88 


940 

293 
568 


272 


404 


1874. 


1,578 
564 


633 
536 
154 


237 

>4I 

63 


136 
no 

'65 


405 


Months. 


January  ......... 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average  for  year, 


1884. 


404 

1.035 

874 


532 
321 
103 


147 

199 
103 


64 
199 

689 


1885. 


387 


738 
477 
345 


458 

767 

68 


37 
75 
25 


83 
46T 

408 


1886. 


606 
926 
426 


8^4 
362 

138 


87 
70 
26 


32 
184 

254 


286 


324 


1887. 


545 
976 

044 


596 

270 
2C8 


459 
613 

156 


178 
169 
420 


429 


1888. 


706 
892 
832 


903 

468 

242 


67 
1 83 

61X 


435 
555 
93  » 


567 


1889. 


775 
444 
355 


460 
294 
250 


373 
7x9 
404 


324 
970 
805 


506 


1890. 


390 
6c8 

844 


589 
461 

269 


127 

89 
394 


595 
3«:9 
294 


4»9 


Yield  of  Croton  Watershed. 
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No.  26. 

Storage  Draft  with   Watershed  and  Reservoirs  as  Existing  in  the  Given    Year. 


Freeman,  February,  1900.) 

Drainage  area  338.8  square  miles. 

WATER  SURFACE  EXPOSED  TO  EVAPORATION. 

5.8  sq.m.,  1868  to  1873  ^="  ^'TS  per  cent.  9.5  sq.  m.,  1893  to  1895 

1873  to  Oct.  1878  —  1.83  ii.o      *'       1895101897 


6.2 
6.9 
8.4 


tt 


(( 


»c 


1878  to  1891  >—  2.0: 
1891  to  1893  =  2.4? 


II.O 

12.0 


(( 


1897  to  i960 


2.82  per  cent. 
3.28 

3.56 


1875. 

1876. 

1877. 

1878. 

490 
72s 
f>57 

1879. 

1880. 

1881. 

1882. 

1883. 

91 

809 

550 

241 

672 

1,208 

143 
288 

»,a37 

235 
5t6 

724 

465 
562 

525 

150 

966 

1,163 

491 
906 
88s 

191 
65a 

499 

1,004 
304 

9» 

334 
III 

S'3 
146 

103 

296 
276 
269 

892 
3c6 
156 

377 

158 

56 

332 
231 
295 

944 

392 

292 

479 
226 

6o 
147 

47 

48 
66 

40 
44 
48 

X24 

428 

128 
224 

»97 

49 
27 

39 

72 

IS 

10 

89 

«9 

657 

66 
28 
xo 

137 
381 
297 

62 

133 

7« 

206 
821 
327 

164 
386 

1.354 

69 

lOX 

277 
317 

30 
94 
72 

79 

9:) 

380 

384 
219 

93 
145 
"5 

4CO 

339 

326 

438 

203 

310 

392 

215 

189I. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1,231 
i,»35 

836 

913 
321 
413 

278 

687 

1,246 

292 
404 
883 

584 

20I 
645 

^83 

850 

1.367 

371 
603 
647 

C52 
953 
570 

692 

571 
1.331 

504 
»S5 

257 
279 
209 

620 
1,049 

173 

424 
322 

259 

743 
225 

65 

556 
104 

167 

467 
5«3 
253 

387 
856 

318 

724 
172 

81 

48 
60 

53 

106 

183 
91 

60 
121 

93 

48 

48 

119 

89 
48 

44 

125 

98 

X19 

500 
571 
159 

85 

526 

143 

178 

41 

152 

44 
120 

997 

42 

320 

273 

299 

359 
708 

100 
641 
451 

6x 

M4 
231 

156 

334 
252 

99 
27s 

498 

189 
450 
649 

91 
139 
150 

379 

284 

469 

332 

857 

374 

413 

479 

359 
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Table 

Avtrage  Daily  Flow  of  Croton  River  at  New  Crohn  Dam^  Exclusive  of  Storage 

Estimates  of  John  R .  Freeman, 

Computed  from  natural  flow  at  old  dam  for  the  given  year  and  month  by  adding  6.4^ 
for  increase  in  drainage  area  and  deducting  an  allowance  for  the  evaporation  loss  caused  by 
substituting  water  surface  for  land  surface  in  the  New  Reservoirs  constructed  between  the  given 
year  and  1902. 


Months. 


January  . 
February , 
March..., 


April. 
May. 
June. 


July 

August..  . 
September. 


October  . . , 
November. 
December 


Averaxe  for  year. 


1868. 


36a 
X56 
777 


693 
1,056 

59a 


184 

361 

x,oo4 


531 
743 
»93 


563 


1869. 


41a 

391 
993 

615 
493 

321 


96 

SO 
19 

478 
394 
595 


397 


1870. 

187I. 

7'3 

859 
637 

"3 
621 

821 
300 
xa7 

351 
344 
237 

73 
7a 

14 

1X3 

I4« 
95 

48 

133 
Z20 

356 
70a 
418 

3aa 

326 

1872. 


377 
338 

299 


560 
201 
196 


93 
283 
204 


190 

500 
263 


1873. 


784 

337 
7x9 


1.333 
3O2 

68 


76 

132 

76 


351 

3'8 
617 


42X 


1874. 


1,687 
562 

589 


659 

549 
X43 


340 

140 

50 


123 

X87 


4*3 


January.  • 
February. 
March . . . 


April 
May. 
June., 


July 

August ... . 
September . 


October 

November 
December. 


Months. 


Average  for  year. 


1884. 


437 
1,098 

919 


55a 
322 

90 


X4S 
202 

93 

6S 
217 

745 


792 

504 
357 


474 
264 

5a 


37 
70 
10 


8S 

497 
445 


652 
983 

443 


874 

365 
137 


80 
64 

IX 


31 
202 

281 


587 

1.035 

674 


620 
214 

202 


477 
643 

150 


186 
186 
458 


405 


•97 


338 


450 


1888. 

1889. 

1890. 

759 
946 

875 

83a 
470 

367 

«54 
688 

9*2 
478 

238 

476 
29^ 
246 

6x3 

47» 
266 

59 
190 

634 

277 
755 
414 

'2^ 
84 

403 

460 

597 
1,003 

34X 

1,0^8 

868 

63^ 
399 
334 

__, 

507 

53a 

438 

Yield  of  Croton  Watershed. 
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No.  27. 

Drafts    with  Rainfall  as  in   the  given   year  and  with   Reservoirs  as  in  1902. 

C,  E.,  Fcbraary,  1900. 

Total  drainage  area  360.4  square  miles,  of  which  16.  i  square  miles  '^  4*47^  is  water  surface. 
Average  for  calender  month  in  million  gallons  per  24-hour  day. 


1875.- 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

105 

264 

x6o 

520 

258 

502 

167 

530 

210 

857 

712 

3^3 

fi 

546 

595 

X.025 

961 

691 

574 

i.a74 

x,3C4 

688 

760 

548 

1,295 

931 

Sao 

1.053 

i»i57 

53« 

3<x> 

936 

380 

340 

246 

496 

40* 

335 

13s 

273 

306 

149 

227 

398 

221 

75 

1 

96 

88 

264 

146 

40 

294 

291 

Z02 

5» 

37 

30 

"9 

"4 

40 

65 

83 

58 

1,016 

40 

37 

102 

229 

19 

6 

10 

20 

139 

53 

33 

439 

194 

25 

— 27 

682 

—5 

142 

62 

216 

171 

70 

29 

8x 

405 

96 

4" 

148 

880 

417 

"4 

106 

IZl 

i8z 

160 

3^ 

87 

363 

1.45a 

305 

88 

41S 

344 

134 

1 

426 

353 

340 

1 

459 

330 

209 

323 

410 

222 

I89I. 


i»3i7 
1,204 

878 


524 
147 
10 1 


4^ 
55 
42 


44 

»33 
326 


396 


1892. 


978 
339 
430 


262 
980 
206 


102 
187 

83 


42 

345 
300 


297 


1893. 


302 

72R 

:,3i6 


649 

1.099 

z68 


54 
120 

86 


740 

387 
763 


492 


1894. 


3«7 
4  7 

930 


440 
326 
258 


1895. 


628 
21Z 
678 

781 

225 

55 


41 

86 

4^ 

44 

"3 

35 

T04 

63 

687 

157 

490 

254 

1896. 


347 


269 


412 

902 

1,448 


583 
100 
166 


126 

99 
117 

165 

3S9 
275 


394 


1897. 


403    ' 

6iO 

682 


490 

537 
260 


526 
602 
162 


103 
296 

536 


436 


1898. 

1899. 

698 

1,013 

60X 

740 

606 

1,411 

406 

901 
320 

764 

173 
76 

84 

555 
144 

184 

39 

'54 

199 

476 
696 

95 
150 
165 

506 

379 

14 
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Table 

Computed  Natural  Flow  of  Croton 

(Estimates  of  John  R. 

Total  number  of  million  gallons  delivered  in  each  month  exclusive  of  storag^e  draft. 
The  figures  below  are  the  monthly  aggregates  of  the  daily  flows  in  Table  27. 


Months. 


January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total  for  year 

Average  dailv  flow 

Average  daily  flow,  per  square  mile . 

Total  six  consecutive  dry  months. . . . 

Daily  average,  six  dry  consecutive  ) 
months,  per  square  mile ) 


1868. 


ZI,220 

4,520 

84,090 

ao.790 
32,740 

17,760 

5.700 
11,190 

30,130 

16,460 

92,390 

9,080 


205,960 


563 
1.561 

94.840 

1.430 


1869. 


12,770 
10,950 

30.780 

x8,4So 

15,280 

6,630 

9,980 

i.SSo 
570 

14,890 
11,820 
18,450 


'45.050 


397 
1.103 

3S.370 
0.582 


1870. 


92.4ZO 
24.050 
19.440 

94,630 
9,300 
3.810 

3,360 

3,230 

420 

1.490 
3.690 

3.7«o 
"7.450 


322 
0.894 
13,810 
0.208 


187I. 


3.500 
12,290 
19,250 

10,530 

10,660 

7.110 

3.470 
4.^70 
2,850 


11,040 
31,060 
13,960 


119,090 


336 
0.905 

38.990 
0.591 


1872. 


11,690 
9.510 
9,270 

16,800 
6,230 
5.880 

2,850 
8,770 

6,I30 

5.890 

15.000 
8,150 


106,160 


390 
0.805 

35.740 

O.S39 


1873- 


24.300 

9,160 

33,390 

39.990 

11,330 

3,040 

9,360 
3.780 
2,380 

7.780 

9.540 

19,130 


153.870 


421 

Z.170 

37,780 

C.431 


1874. 


5»,30o 
15.740 
18.360 


19,770 

17,020 

4,990 

7.440 
4.340 
1,500 


4,370 
3.690 
S,8oo 


154.520 


423 
r.174 

35,630 
0.389 


January  . 
February 
March.  . 


April . 
May.. 
June  . 


July 

August . . . . 
September. 


October. . . , 
November . 
December  , 


Months. 


Total  for  year 


1884. 


13.550 
31.840 
38,<i9o 

16,560 
9,980 
2,700 

4,500 
6.260 
2,790 

2,010 

6,510 
23,090 

148,980 


405 


Average  daily  flow 

I 

Average  daily  flow,  per  square  mile'       1.124 


Total  six  consecutive  dry  months 

Daily    average,    six    consecutive) 
dry  months,  per  square  mile. .  ) 


24.770 
0.376 


1885. 


24.550 
14,110 
1 1 ,070 

14.220 
8,180 
1,560 

84c 

2,170 

300 

2,640 
14,910 
13.790 

108.340 


1886. 


297 
0.834 

15.690 
0.237 


20,210 
27,520 
13,730 

26,220 

11,320 

3,810 

2,480 

1,980 

330 

960 
6,060 
8.710 


123.330 


333 
0.938 
15.620 
0.237 


1887. 


l8,200 

28.980 
30,890 

18.600 
6,630 
6,060 

14.790 

» 9.930 

4.500 


5.770 

5.580 

14.200 


164,130 


450 

1.248 

56.630 

0.859 


1888. 


23.530 

27.430 
27,130 

28,410 
14,830 

7.140 

1.830 

5.890 

19,030 

14,260 
17.910 
31.090 

318,460 


597 

1.656 

62,960 

0.949 


1889. 


25,790 

13,160 
11,380 

14,260 
9,083 
7,33o 

8,590 
23.400 
12,420 

10.570 
31.140 
26,910 


194,100 


532 

1.476 

63.870 

0.979 


1890. 


13,110 
18,310 
27,530 

18,390 

14.600 

7,980 

3.810 

2,600 

12,090 

19,560 
11,970 
10,040 


159,990 


438 

1.215 

58,010 

0.880 


Yield  of  Croton  Watershbd. 
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No.  28. 

IHvtr  at  Site  of  New  Croton  Dam, 
H  C.  £..  February*  1900.) 


With  rainfall  fts  in  the  giveo  year  and  with  evaporating  surface  of  Reservoirs  as  in  1902. 


1875. 

1876. 

1877. 

1873. 

1879. 

1880. 

1881. 

1882. 

1883. 

3,a6o 

34.000 

X7.790 

8.i8o 
20,650 

39.490 

4,963 
8480 

40.430 

16.400 
21,500 
21,330 

8,OQO 

15,290 
23.560 

15.5^ 
17,3^0 

16,990 

5, 180 
38,700 
38,010 

1^430 

36.910 
38.»6o 

6,510 
S9.350 

X6,t70 

31.590 
12,460 

2,250 

34.7x0 

10,380 

2,c8o 

15.93  ■> 
4.180 
2,640 

0,000 
8.460 
7,930 

28,080 

9»49o 
4.380 

IT.4OO 
4,620 
1,300 

XO.200 
7.040 
8»820 

7,380 

12,340 

8,730 

14.880 
6,850 
3.060 

1,580 

31.530 

4. '70 

1.150 
1,240 

».590 

930 

1,150 

990 

3,690 

3,160 

13.170 

3.840 
7.100 
5.820 

1,240 
590 
750 

3,010 

190 

— 8ro 

2,570 

310 

20,460 

i,8co 

630 

— X50 

4.400 
»a,3;0 
10,170 

1,920 
4.4*o 
2.7^     1 

6,700 
26,400 
11,160 

S.300 
13,510 
45.0x0 

2,170 
3.420 
9,450 

900 
3.180 
2,730 

76,420 

2,510 

3.330 
X7,86o 

13,560 

5,4'?o 
7.560 

3.980 
4.800 
4.150 

155,530 

xa9,33o 

123,950 

167.450 

120,600 

118,040 

149.510 

80,970 

426 

353 

340 

459 

330 

209 

323 

410 

332 

1.182 

0.980 

0.942 

1-273 

0.916 

0.579 

0.896 

1.138 

0.616 

56,260 

13.040 

16,590 

41.700 

26,730 

7,86j 

16,050 

48,890 

13,110 

o.8s3 

0.197 

0.250 

0.629 

0.405 

0.119 

0.343 

0737 

0.199 

189I. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

40,830 

33.710 
27,200 

30,320 

9.830 

X3.330 

9.360 
20,380 
40,800 

9,830 
11,960 
38,830 

19,470 
5.910 

2X,030 

12.770 
36.160 
44,890 

12,400 
17,920 
31,140 

31,640 
38,370 
18,630 

3?,940 
16,970 
43.750 

15,720 
4.5^ 

3.030* 

7.860 
8,680 
6.180 

19.470 

34,070 

5,040 

13,200 

10,110 

7.740 

23,430 

6,980 
1,650 

17.490 
3,100 
4,980 

14,700 

16,650 

7,800 

X2,l8o 

27,930 
9,870 

32,930 
5,360 
2,280 

1,240 
I.7C0 
1,260 

3,160 
5.800 
2,490 

1,670 
3,7'20 
2,580 

1,270 
1.330 
3,390 

2,670 
1.360 
1,050 

3.910 
3.070 
3.5«o 

16,300 

J  8.660 

4,860 

2,600 
17,310 

4,320 

5,700 
1,2x0 
4,620 

1.363 

3.990 

10,110 

1,300 

10,350 

9.3CO 

7.440 
iz,6zo 
23,650 

3,230 
30,6X0 

15.190 

1,950 
4.710 
7.870 

S,"o 

xo,770 

8,520 

3,190 
1           8.880 

,         16,610 

6,170 
74,280 
21,580 

3,950 
4.500 
5.120 

144,710 

1        108,600 

179,790 

126,680 

98,070 

144,380 

159,110 

184.780 

138,320 

396 

297 

492 

347 

269 

394 

436 

506 

379 

x.zoo 

'           0.833 

1.365 

0.963 

0.746 

1.094 

1 

,               X.SIO 

X.405 

1.05X 

12,580 

27,610 

32,060 

27,063 

13.390 

23.680 

1      59.690 

54.450 

21,260 

0. 19 1 

0.416 

0.486 

0.408 

0.203 

1 

0.357 

1 

1       0.905  • 

1 

0.826 

0.323 
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Table 

Average  Daily  Flow  per  Square  Mile  of  Total  Drainage  Area  at  New  Croton  Dam, 

(Estimates  of  John  R.  Freeman, 

Computed  by  dividing  quantities  in  Table  No.  27,  by  360.4  square  miles. 
In  thousand  gallons  per  24-hour  day. 


Months. 


January. . 
February 
March ... 


April , 
May. 
June  . 


July 

August  . . . . 
September. 


October  . . 
November 
December 


1868. 


Average  for  year 

Average  for  driest  6  consecutive! 
months  of  the  given  year. \ 


1,004 
433 


1,923 
2,931 
1 1643 


I, CO  2 

2,786 


».473 
2,062 

813 


1.430 


1869. 


I.M3 
1,085 

2»755 


1,706 

1,368 

613 


256 

139 
53 

1,326 

1.093 
1.651 


i»xo3 
58a 


1870. 


2,006 
2,184 
X.740 


2,278 
832 
353 


203 
200 

39 


»)3 
341 

333 


894 

ao8 


187 1,     i      1872. 


314 

1,2X6 

'.733 


974     I 

955 

658 


3" 
391 
264 


988 
1,948 
i,z6o 


905 
59' 


1,04') 
910 
830 


558 
544 


355 
785 
566 


537 

1,387 

730 


805 


539 


1873.  1874. 


a.175 
908 

1.995 


3.699 

J.o:>5 

189 


211 

339 
211 


606 

882 

1,712 


1,170 
421 


4.682 
1.560 
1,634 


1,829 

1,533 
397 

666 
388 

139 


391 
341 
519 


i.«74 
389 


January  . 
February , 
March.  ... 


April. 
May  , 
June  , 


July 

August  — 
September 


October  . . . 

November 

December 


Months. 


Average  or  year 

Average   for  driest  6  consecutive 
months  of  the  given  year.  .... 


1889.  1890 


2,309 
I       1,304 


1.^74 
i.8»5 


z,oz6 

3,464 

X.331 
813 
683 

1,701 

1.307 
738 

769 
2,095 
i.'49 

341 

33' 

1,118 

946 
2,880 
2,409 

1,751 
1,107 

899 

1.476 

1,215 

979 

880 

Yield  of  Croton  Watershed. 


213 


No.  29. 

exclusive  of  storage  drafts  with  Rainfall  as  in  the  given  year  and  Reservoirs  as  in  1902. 

C.  E.,  February,  1900.) 

Total  drainage  area,  360.4  square  miles.      Land,  344.3  square  miles,  95.53  per  cent. 
Water,  16.  i  square  miles  =  4.47  per  cent,  of  total  area  or  4.68  per  cent,  of  net  land. 


1875. 


991  I 
2.378  1 
1.593 


9,999 

z,ii6 

908 


142 

9,819 

386 


•   394 

1,140 

910 


1,102 


853 


1876. 

1877. 

1878. 

733 
1.975 
3.535 

444 
841 

3,619 

I,4'i8 

2,I3» 

1.909 

3."' 
930 
966 

».473 
375 
244 

832 
753 
732 

103 

XZI 

147 

83 

101 

•  99 

3:v> 
28^ 

1,2X8 

179 

4" 
241 

599 

2.442 

999 

475 
i.»57 

4,030 

980 

949 

«.273 

197 

950 

629 

1879. 


716 

i.5«5 
9,109 


9,«:97 
849 
405 


344 
635 
538 


»94 
316 
846 


916 
405 


1880. 


1.393 
1.651 
1,590 


1,054 

4»3 
III 


III 

53 
69 


81 
994 
244 


579 
X19 


1881. 


4^3 
2.844 
3.402 


043 

635 
816 


z8o 

17 
—75 


896 
943 


1882. 


X.470 
9,667 

2.583 


683 

1,104 

8c7 


930 

98 

1.893 


92S  1,124 

308  502 

1,159  I       •        677 


x,i38 
737 


1883. 


583 
1,9x6 

>.443 


1.376 

613 
283 


161 

—14 

96S 

444 
372 


616 
199 


I89I. 

1892. 

1893- 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

3-654 

3.34"» 
(         «.*36 

2.7x4 
940 

X.I93 

838 

9,090 
3.651 

880 
1,185 
3,58x 

'.743 
586 

x,88x 

X.I43 
2,503       . 
4,018 

X,IIO 

».77^ 
x,899 

«.937 

9,8ll 

1,667 

2.053 
x,68x 

3.915 

1.434 
408 

1             280 

797 

777 
572 

x,8ox 

3,o«;o 

466 

Z,92X 
716 

9,167 
624 
i5« 

1,6x8 

277 
46X 

1.360 

.    1,490 
793 

1,127 

2,5CO 

913 

2,I90 
480 
9IX 

1              '^' 

152 

1            xi6 

28t 

519 
230 

150 
333 
939 

"4 

"9 

313 

238 

X22 
98 

35° 
275 
3*5 

1.460 
X.67X 

450 

•33 

1.540 

400 

511 
X08 

427 

I                  199 
.69 
905 

116 

957 
832 

666 
x.074 
2,1x7 

1,906 
X.360 

436 
705 

996 

763 

986 

891 

1.487 

55a 

1,321 

1.93a 

964 
416 

458 

1          x.ioo 

823 

X.365 

963 

746 

X.C94 

X,9Z0 

1,405 

1,051 

;         '9« 

416 

1            486 

1 

408 

903 

357 

905 

896 

322 
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Table 


Average  Daily  Consumption  of  Croton   Water  in  New  York  for 

(Estimates  of  John  R.  Freeman, 

As  re-computed  from  data  furnished  by  G.  W.  Birdsall,  Chief  Engineer,  Department  Water 
Supply,  A.  Fteley,  Chief  Engineer  Croton  Aqueduct  Commission,  and  Daily  Records  of  Keepers 
at  Croton  Dam,  Sing  Sing,  Tarrytown  and  Central  Park. 


Months. 


January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average  for  year. 


1868. 

1869. 

1870. 

76 

187I. 

1872. 

1873. 

1874. 

68 

70 

7« 

77 

83 

81 

71 

70 

75 

72 

78 

81 

84 

6S 

75 

73 

70 

77 

81 

83 

64 

71 

6g 

72 

73 

84 

82 

67 

75 

68 

73 

76 

79 

82 

67 

73 

72 

72 

75 

82 

83 

65 

72 

72 

74 

77 

81 

8S 

72 

64 

67 

73 

74 

77 

8s 

65 

56 

67 

72 

.   7' 

80 

84 

71 

57 

64 

74 

75 

83 

84 

64 

5S 

69 

73 

76 

76 

84 

67 

«5 

69 

76 

74 

82 

89 

68 

67 

70 

72 

75 

8t 

84 

January. . . 
February . 
March.... 


April 
May  . 
June 


July 

August . . . . 
September 


October..  . , 
November. 
December. 


Months. 


Average  for  year. 


1884. 


87 

83 
84 


82 
86 
86 


85 
84 

8a 


81 

85 
88 


84 


1885, 


87 
84 


81 
82 

84 


84 
83 
85 


80 
82 

85 


84 


1886. 


88 
88 
78 


80 
84 
87 


1887. 


89 
86 

84 


82 
85 
85 


88 
86 
88 


83 
84 
8t 


85 


888. 

1889. 

1890. 

9« 

84 

87 

90 

88 

86 

87 

85 

87 

83 

87 

87 

82 

83 

88 

88 

89 

87 

86 

84 

98 

87 

88 

108 

8S 

80 

123 

85 

86 

13a 

85 

P6 

125 

86 

87 

133 

86 

87 

103 
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eack  Month  for  the  past  "^l  years  in  Million  Gallons  per  24  hours, 
C.  £.,  February,  1900.) 

Tables  of  Aqueduct  flow  for  given  depths  being  corrected  in  accordance  with  gauging  of  F. 
W.  Watkins,  C.  E.,  November  and  December,  1899,  and  a  re-computation  of  Tracy  &  Church 
gaugings  of  Old  Aqueduct  in  1871,  and  E.Sherman  Gould  gauging  of  1884.    ' 


1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

89 

87 

78 

84 

93 

82 

88 

85 

88 

'^ 

87 

79 

8S 

88 

85 

86 

84 

88 

84 

83 

83 

84 

83 

82 

83 

86 

83 

83 

8x 

S4 

81 

84 

83 

84 

82 

79 

84 

8z 

81 

80 

87 

82 

84 

84 

87 

87 

8» 

83 

84 

84 

8S 

87 

83 

86 

87 

85 

85 

84 

83 

8S 

86 

85 

85 

85 

82 

84 

80 

81 

86 

86 

84 

87 

74 

78 

86 

81 

84 

84 

84 

i-S 

83 

70 

63 

86 

85 

83 

79 

85 

84 

84 

00 

81 

83 

84 

'■          81 

77 

8h 

87 

86 

88 

8? 

84 

83 

86 

82 

86 

83 

86 

81 

80 

84 

84 

8? 

83 

8s 

85 

I89I.  I  1892. 


1893- 


1894. 


1895. 


1896. 


1897. 


1898. 


1899. 


137 
135 
X42 


149 

160 


x68 

177 
163 


«59 
161 

158 


158 
167 


>7S 
177 

173 


3o6 
207 

302 


204 
206 
S02 


218 
233 
226 


139 

M4 
146 


X48 

X49 
15s 


172 

X53 
x6i 


»57 
X62 
X70 


158 

157 
166 


161 
169 
190 


X93 
190 

'93 


X97 

X95 
205 


2x8 
218 
228 


X46 
151 
M9 


169 
162 
x6x 


165 

165 
167 


X7X 
163 

X64 


z66 

173 
X83 


192 
198 
X98 


197 

X94 
20X 


209 
2x3 
223 


224 
232 
227 


14s 
124 

MX 


153 

151 
»54 


z66 
X63 
162 


167 
167 
x6i 


x66 
x6o 
X67 


X07 
Z96 
204 


T96 
190 
X93 


217 
2x0 

207 


230 
230 
224 


142 


XS5 


165 


X63 


x66 


x86 


'97 


307 


226 
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Probable  Safe  Future  Draft  from  Croton  Watershed. 

> 

Having,  as  previously  described,  and  as  illustrated  in  the  sample  pages 
from  computation  books  given  in  Tables  21,  22,  23  and  24,  found  the  actual 
yield  month  by  month  for  the  past  thirty-two  years,  and  having  modified  the 
result  to  correspond  with  the  future  area  of  enlarged  storage  reservoirs  and 
enlarged  w^atershed,  the  next  question  is,  what  yield  may  safely  be  relied 
upon  for  the  future?  We  can  compute  this  best  by  assuming  some  uniform 
rate  of  draft,  as,  for  example,  275  million  gallons  per  day,  and  find  how  much 
water  would  have  had  to  be  borrowed  from  storage  each  month  to  help  out 
the  natural  flow;  and  next,  by  summing  up  the  consecutive  drafting  and 
refilling  of  storage,  find  the  maximum  storage  volume  required  to  maintain 
the  assumed  draft  of  275  million  gallons  per  day. 

This  has  been  done  in  the  book  from  which  Table  24  is  a  sample  page, 
and  in  a  similar  manner  we  have  computed  the  total  storage  that  would  have 
been  required  with  uniform  deliveries  of  250  and  300  also  for  brief  periods 
225  and  325  million  gallons  daily.  The  result  of  these  computations  is  given 
in  the  Depletion  Diagram  No.  3-B,  page  29. 

It  is  in  this  Depletion  Diagram  that  we  find  the  grand  summing  up  of 
all  the  measurements  of  Croton  Flow  and  Future  Yield,  heretofore  described 
and  presented  in  Tables  25-28,  and  it  is  by  this  Depletion  Diagram  that  we 
obtain  the  most  accurate  measure  of  the  resources  of  the  Crpton  Watershed. 
It  is  mainly  from  a  careful  study  of  this  diagram  that  I  find  the  proof  that 
300  million  gallons  per  day  is  the  utmost  steady  draft  that  the  Croton  Water- 
shed of  360.4  square  miles  above  the  New  Croton  Dam  can  sustain  under 
rainfalls  equivalent  to  those  of  the  past  thirty-two  years;  and  from  this  in 
connection  with  certain  experiences  on  other  watersheds,  and  certain  prac- 
tical considerations  about  purity  of  water,  that  I  form  the  opinion  that  275 
million  gallons  per  day  is  as  much  as  it  can  be  prudently  called  upon  to  per- 
manently supply. 

The  Depletion  Diagram  No.  3-B,  page  29,  shows  just  how  much  stor- 
age water  would  have  been  required  in  each  month  from  1868  to  1899  in 
order  to  supply  various  rates  of  flow,  and  it  very  clearly  brings  out  the  fre- 
quent cycles  of  low  rainfall. 

For  example,  we  see  that  in  a  period  of  several  successive  years  of  low 
rainfall  like  1870,  1871  and  1872,  a  steady  draft  of  275  million  gallons  per 
day,  starting  with  storage  reservoirs  full  on  May  15,  would  have  exhausted 
46.2  billion  gallons  of  storage  by  February  i,  1871.     That  the  reservoirs 
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would  have  become  less  than  half  filled  up  again  in  the  floods  of  March  and 
April,  and  would  have  begun  the  dry  season  of  1871  on  May  i  with  a  defi- 
ciency of  26  billion  gallons  in  the  reservoirs;  that  by  October  i,  1871,  the 
reservoirs  would  have  been  again  depleted  to  42  billion  gallons  below  high- 
water  mark,  and  that  the  fall  rains  and  the  spring  floods  would  have  failed  to 
fill  all  the  reservoirs  again  in  March,  and  that  they  would  still  be  down  8.5 
billion  gallons  an  May  i,  when  the  dry  season  begins.  They  would  be 
depleted  to  a  total  of  about  23  billion  gallons  on  November  i,  and  about 
February  i  they  would  all  be  full  for  the  first  time  in  two  years  and  eight 
months. 

We  thus  see  that  a  reservoir  capacity  of  46  billion  gallons  would  be 
needed  to  bridge  over  the  low  rainfall  of  1870-72  enough  to  supply  275 
million  gallons  per  day,  and  thus  that  the  present  amount  of  reservoir  volume 
would  have  been  very  nearly  sufllicient  for  275  million. 

W^e  see  similarly  that  in  1876-1877  a  storage  of  46.4  billion  gallons  would 
again  have  been  required,  and  the  reservoirs  would  have  been  below  high- 
water  mark  for  a  year  and  nine  months. 

In  1880  and  1881  we  see  that  a  storage  of  56  billion  gallons  would  have 
been  needed  to  bridge  over  the  drought  and  supply  275  million  gallons  per 
dav. 

In  1891,  42  billion  gallons  storage  would  have  been  needed,  and  no 
water  wasted  for  two  years. 

In  1899,  had  the  draft  been  275  million  gallons  per  day,  the  reservoirs 
on  December  31  would  have  shown  a  depletion  of  36  billion  gallons,  while 
under  the  actual  draft  of  about  226  million  gallons  per  day,  the  reservoirs  did 
show  on  December  31,  1899,  a  total  depletion  of  24  billion  gallons. 

In  studying  this  diagram,  we  must  keep  in  view  the  important  practical 
consideration  that  the  quality  of  water  for  drinking  purposes  may  be  injured 
by  keeping  a  reservoir  at  a  low  level  for  too  many  years,  thus  permitting 
weeds  and  other  tDrganic  matter  to  take  root  on  its  margins  and  shallow 
flowiage. 

If,  for  example,  the  three  possible  sites  for  new  storage  reservoirs  in  the 
Croton  basin  were  improved,  and  the  total  reservoir  capacity  increased  from 
the  proposed  65  or  70  billions  of  1902  to  85  billions,  we  see  on  the  Depletion 
Diagram  by  following  along  the  storage  line  computed  for  a  draft  of  325 
million  gallons  per  day  through  the  years  1879  to  1888,  that  for  the  five  suc- 
cessive years,  1881,  1882,  1883,  1884  and  1885.  the  waters  from  all  the  spring 
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floods,  year  after  year,  would  have  failed  of  refilling  the  reservoir  to  within 
32  billion  gallons  of  the  spillway  level.  The  reservoirs  would  have  been  40 
per  cent,  empty  at  their  highest  spring  level  in  all  these  five  years.  We  see 
further  that  not  a  gallon  of  water  could  waste  over  a  spillway  for  nine  years 
if  this  rate  of  draft  of  325  million  gallons  per  day  were  maintained  and  we 
can  rest  assured  that  no  matter  how  great  a  storage  reservoir  capacity  be 
built,  the  average  yield  cannot  safely  be  forced  to  325  million  gallons  per 
day. 

Coming  down  next  to  a  steady  draft  300  million  gallons  per  day,  the  300 
line  in  the  year  1880  looks  as  if  we  might  barely  squeeze  through,  after  prac- 
tically using  up  almost  the  last  gallon  in  the  storage  reservoirs ;  but  in  study- 
ing the  rainfall  record  more  closely,  we  note  that  one  of  the  most  severe  rain- 
falls ever  known  was  spread  over  the  Croton  Watershed  in  September,  1882. 
This  filled  the  reservoirs  and  saturated  the  ground,  so  that  under  the  severe 
drought  of  1883,  a  heavy  draft  of  water  would  have  been  felt  here  much  less 
severely  than  on  various  other  New  England  watersheds  w^hich  did  not  re- 
ceive this  fortunate  "  cloud  burst." 

On  the  Sudbury,  for  example,  which  probably  has  been  gauged  more 
accurately  than  any  other  American  watershed,  the  rainfall  was  less  for- 
tunate, and  the' drought  of  1883  much  more  severely  felt;  and  the  same  is 
true  of  certain  other  New  England  streams,  of  which  we  have  accurate  rec- 
ords. The  long  term  run-off  records  of  the  Sudbury  and  Croton  Watersheds 
average  almost  exactly  the  same. 

For  the  twenty-five  years  from  1875  to  1899,  inclusive,  ^^^^  average  rain- 
fall, run-oflf  and  percentage  of  rainfall  collected,  have  been  as  follows: 


Average  Records  for  Tzvcnty-Uve  Years — i8y5  to  i8pp. 


Sudbury  Watershed,  75  square  miles. . 
Croton  W^atershed,  338  square  miles. . 

Croton  greater  than  Sudbury. 
Percent,  excess.  Croton  over  Sudbury. 


Inches  op 
Rainfall. 


45.83 
4S.44 


2.61 
4-5.70 


Inches  of 
Run-off. 


22 

.48 

22 

.84 

0 

.36 

-fl 

.60 

1 

1 

Pkrckktagk 
collbcibd. 


49.15 
47.15 

2.00 

—4.07 
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Possibility  of  a  Longer  Scries  of  Dry  Years,  or  a  Series  of  Drier  Years,  than 
Any  Experienced  in  the  Croton  Watershed  from  1868  to  i8pp. 

So  far  as  I  am  informed,  there  are  no  reliable  records  of  rainfall  in  the 
vicinity  of  the  Croton  Watershed  prior  to  1868,  from  which  we  can  judge  if 
there  has  been  a  drier  period  than  that  of  1880  to  1883.  A  comparison  of 
rainfall  records  in  Boston,  with  records  within  the  Sudbury  Watershed, 
shows  that  records  on  the  coast  cannot  always  be  relied  upon  to  give  the  pre- 
cipitation on  a  watershed  thirty  miles  or  more  inland. 

Taking  Mr.  de  Varona's  admirable  arrangement  of  the  records  of  rain- 
fall at  Brooklyn,  N.  Y.,  since  1826,  given  on  page  48  of  his  report  on  addi- 
tional water  supply,  in  which  he  groups  the  years  by  threes  and  fives,  and 
compares  the  average  of  these  periods  with  the  mean — 

We  find,  in  the  four  years  1880-1883. .  •  39-33  inches  rainfall  at  Brooklyn. 

1892-1895,.,  37.47 

1861-1864. . .  37.11 

1 846-1 849...  38.9s 

1837-1840...  38.65 

While  in  the  three  years,  1881-1883. . .  38.86 

1893-1895..,  37.38 

1862-1864. . .  34.26 


ti  '«  f(  a 

n  n  a  (t 

it  it  it  tt 

tt  tt  tt  a 
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Thus,  so  far  as  these  Brooklyn  records  may  serve,  they  show  that  the 
1880-3  period  was  not  the  driest  within  the  half  century. 

And  the  old  records  of  rainfall  at  Boston  and  at  Lowell  indicate  that  in 
1819-22  and  1834-7  there  were  droughts  in  New  England  more  severe  than 
that  on  the  Sudbury  in  1881-3.  But  this  period  of  1881-3  in  the  vicinity  of 
Boston  appears  to  have  been  the  driest  for  60  years. 

Safe  Limit  of  Croton  Watershed,  2J^  Million  Gallons  per  Day. 

With  the  city  normally  using,  say,  275  million  gallons  per  day,  it  could, 
by  choking  oflF  the  gates  on  the  distribution  system  so  water  would  not  rise 
above  the  first  stories,  and  by  vigorous  eflforts  to  stop  waste,  probably  cut  oflF 
50  million  gallons  per  day  and  worry  along  a  month  or  two  on  225  million 
gallons  per  day,  very  much  as  was  done  in  the  early  part  of  1891 ;  but  to 
empty  the  reservoirs  entirely,  and  thus  have  to  drop  to  the  natural  drought 
flow,  plus  the  Httle  water  draining  out  of  the  reservoir  margins,  would  leave 
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az  jilz'zU  p-riTjzly  s:jr:{'\  yj  mi'^llzn  gzl,^ns  per  day,  which  would  at  once  shut 
^own  tYtry  iactory  acd  ever\"  steam  and  electric  p-jwer  p!ant  in  Xew  York 
City,  and  cause  an  appalling  amount  of  danger  and  suttering.  The  storage 
reservoirs  existing  in  1891  were  entirely  exhausted  about  November  15. 
The  cistribution  reservoirs  were  but  f>an!y  drawn.  Fortunately,  rains  came 
promptly.  Had  these  rains  in  that  year  been  delayed  one  or  two  months, 
as  is  not  infrerjuent,  the  disaster  would  have  been  frightful  and  beyond 
remedy.  A!thoi:gh  the  thirt>-two  year  record  on  the  Depletion  Diagram 
shows  that  56  b:IIion  gallons  of  storage  would  have  kept  up  the  supply  to 
275  million  gallons  per  day  in  the  driest  period,  or  in  188 1-3.  and  notvAith- 
sianding  that  in  1902  there  will  be  65  billion  gallons  storage  a\-ailable  without 
fiashboards  and  without  the  distributing  reservoirs,  or  a  surplus  of  9  billions 
al-K>ve  that  needed  for  a  275-million  gallon  per  day  deliver^-.  I  would  eamestly 
recommend  that  this  extra  9  billion  g^allons — equivalent  to  thirr\--two  days' 
supply  at  275  million  gallons  per  day — be  treated  in  the  permanent  organiza- 
tion of  the  system,  as  a  reser\-e  against  great  emergencies  in  addition  to  the 
2  billion  gallons  in  the  distributing  reser\'oirs. 

Although  the  result  of  this  recomputation  of  the  yield  of  the  Croton 
Watershed  month  by  month  for  thirty-two  years  is  about  10  per  cent, 
smaller  than  the  former  official  estimates,  we  must  not  forget  that  there  is 
still  3  per  cent,  uncertainty  in  the  present  measurements,  that  we  have  taken 
average  values  for  many  factors  which  may  actually  be  a  little  more  or  a 
little  less.  This  3  per  cent,  margin  of  uncertain t\-  or  lack  of  precision  in  our 
data  amounts  to  10  million  gallons  per  day,  and  if.  as  is  perhaps  possible, 
this  margin  is  5  per  cent.,  then  1 5  million  gallons  per  day  must  be  deducted 
from  the  300  found  for  the  minimum  of  the  past  thirt>*-tiA-o  years,  and  some 
allowance  must  be  made  for  an  occasional  error  in  management  of  storage 
and  for  the  possibility  of  a  more  severe  drought. 

/  therefore  strongly  recommend  that  2J^  million  galL^ns  per  day  he  regarded 
as  the  greatest  allowable  annual  average  draft  from  the  nezi*  Croton  Lake  of 
IQ02  under  the  best  possible  utilisation  of  the  storage,  and  zcith  the  possibility 
that  once  or  twice  in  a  caitury  a  succession  of  years  of  low  rainfall  may  so  curtail 
the  supply  that  the  azeragc  outflow*  for  a  4'ycar  period  zcould  be  only  260  million 
gallons  per  day. 

This  remote  or  rare  contingency  when  it  comes  can  by  foresight  be 
limited  to  serious  inconvenience  instead  of  disaster  by  adopting  some  such 
rule  as,  for  example,  that  when,  on  .\pril  i.  the  resenoirs  are  found  to  have 


Yield  of  Croton  Watershed.  221 

refilled  to  only  half  their  full  capacity,  then  restrict  the  consumption  until 
water  is  again  plenty  by  throttling  the  pressure  and  by  special  vigilance  in 
searching  for  waste,  to,  say,  225  million  gallons  for  the  ensuing  seven 
months. 

Turning  from  the  question  of  the  broad  future  to  the  immediate  future, 
for  example,  the  year  1901 — 

Total  area  Croton  Watershed 338.8  sq.  m. 

"        "      of  net  land  surface 327.6    "      " 

Per  cent,  of  total  watershed  covered  by  water 3-3i  %• 

Proportion  of  storage  available,  133  million  gallons 
per  square  mile  of  net  land. 

Total  of  storage  available 43»390     mil.  gals. 

By  the  Sudbury  diagrams,  page  230,  the  corres- 
ponding safe  flow  is  659,000  gal.  per  sq.  mile  of  land 
659,000  X  327.6  ^216  million  gals,  per  day. 
If  by  fiashboards  storage  is  added 

to  extent  of 4,000  ?  mil.  gals. 

If  by  lease  of  ponds  not  owned  is 

added  855 

If  by  emptying  Central  Park  reser- 
voirs there  is  added 1,000 


it  a 


tt  a 


The  utmost  total  addition 

to  storage  in  1901  is.        5,855        **        "  5,855  mil.  gals. 


The  utmost  total  storage  in  190J  is 49,245 


tc  tt 


This  total  storage  divided  by  the  area  gives  150  million  gallons  per 
square  mile,  and  by  the  Sudbury  diagrams  the  safe  yield  is  691,000  gallons 
per  square  mile; 

691,000  X  327.6  = 226  million  gallons  per  day. 

Referring  now  to  the  Depletion  Diagram  No.  3-B,  page  29,  we  note 
that  on  January  31,  1881.  40  billion  gallons  of  storage  would  have  been 
exhausted  by  a  daily  draft  of  225  million  gallons  per  day,  and  that  48.8  billion 
gallons  of  storage  would  have  been  exhausted  by  a  daily  draft  of  250  million 
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gallons  per  day.  At  the  same  time  we  note  that  in  the  severe  drought  of 
1891  (see  November,  1891,  on  Depletion  Diagram  No.  3-B),  when  the 
storage  reservoirs  within  the  watershed  were  all  emptied,  the  actual  amount 
of  storage  found  available  was  about  i  billion  gallons  less  than  the  nominal 
contents  of  the  reservoirs.  We  see  by  proportion  that  232  million  gallons 
per  day  would  be  the  utmost  uniform  daily  draft  obtainable  from  43,390 
gallons  storage  and  the  natural  run  of  the  stream  in  1880,  while  with  49,245 
gallons  storage,  the  greatest  uniform  daily  draft  would  have  been  250  million 
gallons  per  day. 

Possibility  of  Increasing  Croton  Yield  by  Additional  Storage. 

When  the  New  Croton  Dam  is  completed  in  1902 
to  the  height  of  196  feet  above  sea  level,  with- 
out flashboards,  the  total  available  storage  in 
the  Croton  Watershed  controlled  by  the  City 

of  New  York  will  amount  to 66,590  million  gallons. 

— per  Table  18,  pages  184-5. 


Ci 


If  flashboards  4  feet  high  are  added  on  new  dam  there  will  be 

added  about 2,800 

No  plans  have  been  proposed  for  overdrawing  the  New  Croton 
Lake  below  the  Aqueduct  level. 

# 

The  special  ponds,  not  owned  by  the  City,  drawn  upon  in  1870 
and  in  1880,  were  not  drawn  on  in  the  severe  drought  of 
1 891,  and  we  understand  the  City  has  no  right  to  draw  on 
them,  but  could  perhaps  make  a  trade  for  the  water  of  a 
part  of  them  at  least  in  a  great  emergency.     These  aggregate  855  " 

If  all  the  water  stored  in  Jerome  Park  Reservoir  can  be  drawn  out 

this  would  add i»900  ** 

Thus  outside    of   Central   Park  the  greatest  possible  storage   in 

reservoirs  and  natural  ponds  is 72, 145  " 

The  storage  practically  available  after  1902,  tributary  to  the  Croton  supply,  will  therefore  be 
somewhere  between  65  and  70  billion  gallons. 

65  billions  f-  344.3  square  miles  =-  189  million  gallons  per  square  mile  of  net  land. 
70  billions  4-  344.3  square  miles  =*  203  million  gallons  per  square  mile  of  net  land, 
A  yield  of  275  million  gallons  psr  day  is  8oD,ooo  gallons  per  square  mile  of  net  land. 
A  yield  of  300  million  gallons  per  day  is  872,000  gallons  per  square  mile  of  net  land. 

According  to  the  best  authorities  it  is  not  wise  to  carry  the  develop- 
ment of  storage  beyond  the  limits  that  will  be  reached  by  the  development 
described  above.  Indeed,  the  above  development  is  carried  much  beyond 
ordinary  limits. 

For  example,  Mr.  F.  P.  Stearns  in  Rept.  Mass.  State  Board  of  Health,  1890,  p.  349  :  "  The 
amount  of  water  which  can  be  made  available  from  a  watershed  will  not  always  depend  on  the 
quantity  stored  because  considerations  of  quality  require  that  levels  of  reservoirs  should  not  be 
made  to  fluctuate  too  much  and  that  water  should  not  be  drawn  below  high-water  mark  for  too 
long  a  time." 
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Again,  idem.  p.  348  :  "  The  cases  are  verv  rare  where  more  than  600,000  gallons  per  square 
mile  (of  net  land)  can  be  made  available  wnen  it  is  necessary  to  store  water  in  artificial 
reservoirs." 

Mr.  Desmond  Fitzgerald,  in  Trans.  Am.  Soc.  Civ.Engrs.,  1892,  vol.  2,  p.  268,  says:  **  No  mat- 
ter what  the  extent  of  the  storage  may  be  the  e£fect  of  drafts  beyond  600,000  gallons  per  square 
mile  is  to  keep  a  storage  reservoir  below  high  water  for  several  years.  The  importance  of  this 
warning  cannot  Ije  too  strongly  impressed  upon  the  engineer  who  is  designing  systems  of  stor- 
age.'* *  *  *  •*  As  it  is  undesirable  to  keep  the  water  below  high  water  for  more  than  two 
years  in  succession  it  will  be  seen  that  no  matter  what  the  extent  of  the  storage  may  be  it  is 
impracticable  to  secure  more  than  about  750,000  gallons  per  square  mile  (of  gross  area)  from  a 
watershed  containing  10  per  cent,  of  water  surface." 

Mr,  Stearns  and  Mr.  Fitzgerald  probably  had  the  Sudbury  in  mind.  On 
the  Croton,  with  its  5.7  per  cent,  larger  rainfall,  and  from  a  study  of  its  actual 
run-off,  as  shown  in  the  Depletion  Diagram,  I  have  ventured  to  extend  the 
safe  limit  of  draft  to  275  million  gallons  per  24  hours,  which  is  at  the  rate  of 
about  763,000  gallons  per  square  mile  of  gross  area,  and  is  about  800,000 
gallons  per  day  per  square  mile  of  net  land. 

The  Depletion  Diagram,  Fig.  3,  plainly  shows  that  with  this  draft  of 
27s  million  gallons  per  day  the  water  would  have  stood  below  high-water 
mark  for  two  years  at  a  time,  and,  on  one  occasion,  1 870-1 873,  would  have 
stood  below  the  spillway  level  for  3  years,  with  no  water  wasted  over  Croton 
Dam  meanwhile. 

If  more  storagfe  is  to  be  constructed  and  used  it  will  simply  result  in 
longer  periods  of  depletion  and  will  increase  the  chance  of  bad  tastes  in  the 
water.  It  is  my  opinion  that  the  development  of  storage,  when  the  New 
Croton  Dam  is  complete,  will  have  been  carried  as  far  as  it  is  profitable  to 
carry  it  at  present.  Perhaps  with  filtration  in  the  distant  future  it  may  be 
well  to  build  one  or  two  more  reservoirs. 

Proposed  Cross  River  Reservoir. 

Formal  request  was  made  some  months  ago  by  the  Commissioner  of 
Water  Supply  for  an  appropriation  of  about  $980,000  for  the  purpose  of 
acquiring  lands  and  beginning  the  work  of  construction  for  a  new  storage 
reservoir  in  the  Croton  Watershed  on  the  Cross  river.  A  copy  of  this  com- 
munication was  shown  to  me  in  the  Comptroller's  office,  with  the  suggestion 
that  I  consider  its  urgency. 

It  appears  possible  to  reach  a  safe  conclusion  in  the  matter  without  an 
examination  of  the  ground  and  without  precise  estimates  of  the  cost  of  the 
necessary  lands  and  structures. 

I  was  informed  orally  by  Mr.  George  W.  Birdsall,  Chief  Engineer, 
Department  of  Water  Supply,  that  this  Cross  River  Reservoir  would  contain 
about  9  billion  gallons  and  would  probably  cost  complete  for  lands,  construc- 
tion and  all  attendant  expenses,  not  far  from  $1,500,000,  at  a  rough  approxi- 
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mation,  obviously  the  contents  and  the  cost  may  be  made  to  vary  according 
to  the  height  to  which  the  dam  is  built. 

This  is  apparently  substantially  the  same  site  called  "  N  "  in  the  explora- 
tion for  reservoir  sites  made  in  1858,  but  is  of  very  much  larger  volume  than 
then  proposed,  according  to  the  table  in  Wegman,  page  79. 

I  find  by  computations  presented  below  that  this  reservoir,  if  containing 
9  billion  gallons,  would  only  add  about  12  million  gallons  per  day  to  the 
275  million  gallons  already  secured,  and  in  so  doing,  would  extend  the  period 
of  depletion,  in  the  low  rainfall  cycle,  to  a  very  undesirable  extent. 

It  is  stated  in  the  communication  from  the  Department  of  Water  Supply 
that  it  would  require  about  5  years  to  secure  the  land  and  construct  this 
reservoir,  and  while  I  think  it  probable  that  this  time  might  be  lessened  under 
pressure,  I  do  not  think  that  water  from  that  source  could  be  obtained 
enough  sooner  than  from  the  more  abundant  source  that  is  surely  needed,  to 
be  of  any  weight  as  an  argument  for  the  construction  of  this  reservoir.  This 
Cross  river  reservoir  would  not  add  to  the  present  sources  more  than  enough 
water  to  supply  the  natural  increase  of  consumption  coming  from  one  year's 
growth.  A  much  larger  supply  is  imperative,  and  much  more  water  for  the 
money  can  be  had  as  a  part  of  this  larger  supply  than  by  building  a  reservoir 
at  Cross  river.  /  therefore  reeovimend  that  its  construction  he  postponed. 
At  some  time  in  the  distant  future  it  may  become  advisable  as  a  reserve 
against  a  longer  drought  or  as  a  substitute  for  some  reservoir  that  may  tem- 
porarily develop  a  bad  taste,  or  may  become  a  very  valuable  adjunct  after 
the  future  filtration  plan,  which,  I  believe,  must  come  a  generation  hence, 
has  been  developed  and  the  means  for  removing  bad  tastes  arising  from  too 
long  depletion  thus  avoided.  Nine  billion  gallons  would  supply  275  million 
gallons  per  day  for  32  days.  The  additional  yield  that  would  be  gained  by  the 
construction  of  this  Cross  river  reservoir  is  computed  as  follows: 

Fir.^t  Method  : 

The  leng:th  of  period  in  which  no  water  will  run  to  waste  while  a  draft  of  275  million  gallons 
per  day  is  maintained  in  a  series  of  years  of  low  rainfall,  like  1880  and  1881,  and  while  a  storage 
of  55,540  million  gallons  is  being  exhausted,  is  about  I  year  and  11  months,  or  about  700  days  (of 
which  time  the  reservoirs  would  be  undergoing  depletion  400  days  and  refilling  during  about  300 

days). 

I  lad  there  been  available  additional  storage  of  9  billion  gallons  dischareed  at  a  uniform  rate 
for  this  700  days  it  would  have  augmented  the  supply  »,^^*^,^^^,?o}y  =  13  million  gallons  per  day, 
or  since  the  period  required  to  refill  would  be  longer  with  this  additional  reservoir  space,  the  aug- 
mentation of  flow  gained  by  the  g  billions  of  additional  storage  would  have  to  be  spread  over  a 
slightly  longer  period  and  the  average  daily  gain  a  little  less  than  13  million  gallons. 

We  find  by  the  depletion  diagram  other  periods  when  with  275  million  gallons  per  day 
drawn  the  aggregate  reservoir  capacity  is  even  longer  below  high-water  mark. 

As  from  May,  1870,  to  February,  1873  =  2  years  8  months  =  about  970  days  ; 

May,  1876,  to  about  March,  1878  —  nearly  20  months  ; 

May,  1^91,  to  April,  1893  =  i  year  ii  months  =  about  700  days  ; 

so  that  the  period  of  700  days  above  taken,  as   that  over  which  this  added  storage  must  be 

averaged,  appears  fair. 
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And  it  therefore  appears  fair  to  consider  that  this  9  billion  gallons  of  storage,  on  top  of  what 
is  now  available,  would  only  raise  the  safe  yield  of  the  watershed  by  13  million  gallons  per  day. 

Second  method  for  a  check  : 

By  the  Sudbury  Diagram  (No.  49)  of  yield  per  square  mile   with  various  proportions  of 
storage  : 

A  watershed  with 203  million  gallons  ston^e  per  square  mile  and  4.47^ 

water    may    be    relied    upon    for    a  safe    yield    of 
777,000  gallons  per  square  mile  of  net  land  per  day. 
9  billions  on  343.  sq.  m.  =    26.2  million  gallons   storage  per  square  mile  added  by 

Cross  River. 

Total  storage 229 . 2  million  gallons  per  square  mile  if  Cross  River  is  added. 

The  Sudbury  diagram  lor  this  gives  810,000  gallons  per  square  mile  of  net  land. 

Increase  due  Cross  River 33>ooo  gallons  per  square  mile  of  net  land. 

Or  on  whole  area  33,odo  gallons  X  343  square  miles  =11.3  million  gallons  per  day  added  by 
the  Cross  River  Reservoir. 

From  the  above  computation  it  appears  that  this  proposed  reservoir  at 
Cross  river,  even  though  it  be  built  with  a  dam  high  enough  to  hold  9,000 
million  gallons,  would  only  increase  the  available  supply  13  million  gallons 
per  day.* 

Table  No.  31,  following,  was  prepared  as  a  check  on  certain  of  the 
computations  precedent  to  concluding  that  the  greatest  safe  yield  of  the 
Croton  Watershed  in  a  cycle  of  years  of  low  rainfall  is  275  million  gallons 
per  day,  also  for  determining  the  greatest  reasonable  development  of  stor- 
age. 

It  is  of  great  interest  to  note  the  close  agreement  between  the  results 
found  on  the  Sudbury  Watershed,  in  part  supplying  Boston,  and  the  new 
Croton  figures.  This  gives  us  confidence  in  the  application  of  these  rates 
of  watershed  delivery  to  the  Ten  Mile  and  Housatonic  Watersheds,  and 
establishes  confidence  in  the  use  of  Diagram  No.  48,  page  230,  as  a  safe 
and  conservative  basis  for  estimating  the  safe  yield  of  the  watersheds  to  be 
considered  later  for  the  future  supply  of  Greater  New  York. 

The  nth  column  of  this  Table  No.  31  and  also  its  ist  column  afford 
confirmation  that  the  figure  of  275  million  gallons  per  day  for  the  safe  yield 
is  the  largest  that  can  be  properly  used. 

Table  No.  32,  which  follows  Table  No.  31,  contains  the  same  data  pre- 
viously given  in  Tables  Nos.  2y  and  29,  rearranged  in  a  form  that  is  more 

*It  ha<(  been  stated  previotisly  in  this  report  that  now  with  a  total  'torafj^e  of  43,^90  million  (gallons  the  safe 
yield  would  be  232  million  a;allons  per  day,  while  with  65,290  million  gallons  depletion  the  yield  would  be  300 
million  ealions  per  d-iy.  Whence  it  appears  tliat  increasing  the  storage  31.900  million  gallons  increases  the  safe 
yield  68  mil  ion  gallons  p«r  day. 

It  may  br  asked  why  9.000  millions  increase  o^  storage,  as  fi^u'ed  above,  gives  an  increase  of  only  13  rail- 
lions,  whereas  it  wo'ild  be  in  proportion  to  the  case  just  cited,  /,  x68=  28  millions.  The  answer  is,  that  because 
of  the  much  longer  period  over  which  the  storage  h.is  to  bs  spread  when  higher  rates  of  draft  are  maintained  and 
larger  s'ora^e  volumes  used,  the  pioportionate  gain  is  much  lessened.  The  <ame  fact  is  shown  in  diagram  No.  48 
by  the  far  <vider  spacing  between  the  lines  of  yi^ld  in  the  upper  portion  of  diagram. 

The  at,9oo  million  gallons  or  storage  first  referred  to  has  to  be  spread  over  a  period  of  only  about  330  days 
and  thus  averages  'sSS*^  ^  ^  million  gallons  per  day. 

>5 
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convenient  and  useful  when  considering  the  value  of  a  stream  for  water- 
power,  and  was  prepared  as  a  step  precedent  to  the  water-power  estimates 
of  Appendix  No.  8,  and  other  similar  estimates  that  will  have  to  be  made 
when  the  cost  of  diverting  other  possible  sources  of  supply  is  considered. 
The  average  flow  for  each  month  per  this  Table  No.  32,  in  comparison  with 
that  found  for  certain  other  streams,  is  presented  in  Figure  93. 

Storage  Capacity  Required  to  Sustain  a  Given  Rate  of  Draft,  as 

Shown  by  the  Croton  Records. 

The  principal  data  required  by  the  hydraulic  engineer  4n  order  to 
answer  the  question  of  how  much  is  the  safe  daily  yield  of  a  given  stream, 
like  the  Housatonic,  Ten  Mile,  Esopus,  Ramapo,  or  Wallkill,  are: 
1st.  Area  of  the  watershed. 

2d.  Annual  rainfall  in  dry  years  and  for  a  series  of  years. 
3d.  The  possible  storage  capacity  for  flood  waters  to  be  let  out  in  drought. 
4th.  The  evaporation  loss  from  these  reservoirs  between  the  period  of  stor- 
age and  that  of  use. 

The  final  conclusive  question  to  be  answered  from  the  above  data  is: 
How  great  a  uniform  flow,  in  gallons  daily  per  square  mile  of  watershed, 
can  be  sustained  by  the  natural  flow  of  this  stream,  augmented  by  a 
judicious  use  of  the  storage? 

The  available  storage  has  a  bearing  on  a  correct  answer  hardly  less 
important  than  that  of  watershed  area.  For  example:  without  storage,  the 
Croton  Watershed  of  360  square  miles  could  not  be  relied  on  for  more  than 
25  or  50  million  gallons  per  day;  while  with  65  or  70  billion  gallons  of 
storage  it  can  be  relied  on  for  275  million  gallons  per  day. 

The  records  of  Croton  run-off  for  past  thirty-two  years  are  of  utmost 
value  for  showing  what  may  be  derived  from  other  streams  similarly  situ- 
ated, receiving  similar  distribution  of  rainfall  by  a  given  development  of 
storage,  and  no  records  heretofore  obtained  in  this  country  are  of  greater 
value  as  a  basis  for  estimating  the  safe  supply  that  can  be  obtained  from 
other  possible  sources  for  New^  York,  and  the  only  ones  that  approach  them 
are  the  similar  records  derived  by  Fitzgerald  and  Stearns  from  the  Sudbury 
River  Records  of  the  Boston  Supply. 

I  have  therefore  prepared  Diagram  No.  48,  which  shows  at  a  glance 
the  storage  volume  required  to  safely  maintain  a  given  uniform  rate  of  flow 
per  square  mile  under  various  extents  of  water  surface  exposed  to  evapora- 
tion, similarlv  situated  to  the  Croton. 
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For  confirmation  and  comparison  I  have  added  to  Diagram  No.  48  the 
results  of  a  similar  analysis  made  from  the  Sudbury  River  Records.  These 
two  curves  confirm  each  other  wonderfully  for  all  ordinary  rates  of  flow, 
but  this  very  agreement  prompts  a  word  of  caution  as  to  assuming  that 
there  would  be  a  similarly  close  agreement  on  a  stream  which,  like  the 
Esopus,  is  a  flashy  mountain  stream  requiring,  doubtless,  more  storage  to. 
sustain  a  given  unform  rate  of  flow^,  notwithstanding  that  it  may  have  at, 
larger  average  annual  rainfall ;  or  to  a  stream  like  the  Wallkill,  which  shows, 
no  hard,  impervious  bed  rock  at  its  dam  sites,  and  which  may  possibly  lose 
water  by  percolation  through  deep,  pervious  strata  to  a  lower  level. 

The  full  analysis  of  these  problems  is  very  complex,  but  the  results  of 
an  analysis  are  easily  stated  in  a  form  that  makes  them  very  quickly  avail- 
able for  use  in  the  study  of  other  similar  problems,  and  Diagram  No.  48, 
for  example,  sums  up  nearly  all  of  the  valuable  information  on  river  flow 
derived  from  thirty-two  years  of  observation  on  the  Croton  rua-off  and 
twenty-five  years  of  observation  on  the  Sudbury. 

The  construction  of  such  a  diagram  involves  a  large  amount  of  compu- 
tation, but  once  compiled,  is  well  worth  its  cost.  I  am  not  aware  that  the 
method  of  construction  has  heretofore  been  described,  and  as  the  method 
that  I  have  followed  is  in  some  respects  new  and  is  believed  to  be  less 
laborious  than  that  by  which  the  similar  Sudbury  Diagram  was  prepared, 
it  will  be  brieflv  outlined. 

1st.  Diagram  No.  46  is  prepared  on  a  large  open  scale  (about  3  times  as  large  as  the  photo- 
engraving), by  plotting  the  aggregate  run-oflf  of  the  stream  from  the  beginning  to  the  end  of  the 
record.  The  data  are  from  Table  No.  29  and  are  the  measured  run-ofTs,  month  by  month, 
corrected  for  storage  draft  and  the  increased  evaporation  loss,  and  thus  represent  the  mean 
monthly  run-off  of  the  stream  at  the  New  Croton  Dam,  with  4.47  per  cent,  of  water  surface 
exposed  to  evaporation  in  the  watershed,  divided  by  its  gross  area  of  360.4  square  miles  ;  thus 
giving  the  natural  flow  per  square  mile.  These  mean  daily  flows  for  each  month  were  multiplied 
by  the  number  of  days  in  the  month  and  summed  up  on  a  Burkhardt  reckoning  machine,  and  the 
aggregate  up  to  the  end  of  each  month  plotted  to  form  the  main  line  or  mass-curve  of  Diagram 
No.  46. 

2d.  Given  this  mass-curve,  to  find  the  greatest  possible  uniform  rate  of  draft,  regardless  of 
practical  limitation  of  storage  capacity  and  regardless  of  the  evaporation  loss  that  would  follow 
increase  of  storage.  This  is  a  little  less  than  the  arithmetic  average  of  all  the  monthly  averages, 
because  these  do  not  take  account  of  leaving  the  storage  in  the  same  condition  at  the  end  as  at 
the  beginning  of  the  term.  The  time  average  is  found  by  drawing  the  line  A  B  tangent  to  the 
two  summits  A  and  B,  near  the  end  of  the  mean  curve,  and  is  found  to  be  at  the  rate  of  1,056,000 
gallons  per  square  mile  per  day,  which  is  plainly  a  much  larger  flow  than  could  by  any  possi- 
bility be  realized  in  practice. 

3d.  To  find  from  this  mass-curve  the  periods  of  greatest  storage  depletion  and  the  dry  year 
cycles  of  longest  duration,  we  first  lay  off  on  the  diagram  straight  lines  at  slopes  corresponding 
on  the  scale  of  the  diagram  to  various  rates  of  uniform  draft  per  square  mile  per  day,  and  then 
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by  straiglvt-edge  and  triangle,  rule  parallel  lines  tangent  to  various  summits,  corresponding  to 
full  reservoirs,  as  A  C  D,  and  note  where  these  again  strike  the  mass^urve,  as  A  £,  C  F,  and  D 
G.  The  vertical  space  between  this  straight  line  and  the  curve  now  represents  the  depletion  of 
the  reservoirs  under  the  given  rate  of  draft ;  and  the  distance  from  A  to  E  represents  the  length 
of  time  that  the  reservoir  would  remain  drawn  down.  For  example  :  we  see  that  by  the  scale  of 
the  diagram,  with  4.47  per  cent  of  water  suHace,  to  have  maintained  a  rate  of  flow  of  900,000 
gallons  per  square  mile  per  day,  would  have,  by  date  of  October  I,  1871,  exhausted  190  million 
gallons  of  storage  per  square  mile,  and  that  the  reservoirs  would  not  have  become  refilled  until 
January,  1874. 

From  a  study  of  this  Diagram  No.  46,  the  various  dry  year  cycles  are  readily  picked  out,  and 
it  is  seen  that  the  years  from  1879  ^^  '^^4  furnish  the  most  severe  test  of  the  capacity  of  the 
Croton  watershed. 

We  therefore  next  prepare  on  a  larger  scale  Diagram  No.  47,  covering  only  this  period  from 
1879  to  1884.  Diagram  No.  46  was  for  the  condition  of  4.47  per  cent,  of  water  surface,  but  to 
apply  the  Croton  determinations  to  other  watersheds,  it  is  important  to  consider  various  percent- 
ages of  evaporating  surface  in  ponds  and  reservoirs.  The  most  convenient  means  for  doing  this 
is  by  the  aid  of  Table  No.  20,  in  which  the  efTect  upon  the  yield,  due  to  the  increased  evaporation, 
from  covering  one  square  mile  of  land  surface  by  water,  as  when  filling  a  new  storage  reservoir, 
has  been  carefully  considered.  During  the  actual  measurements  of  Croton  run  off  between  the 
years  187^  and  the  year  1884,  the  water  area  of  all  ponds  and  reservoirs  in  the  Croton  watershed 
was  actually  2.03  per  cent.,  or  say  2  percent.,  and  therefore  the  mass-curve  for  the  aggregate 
run-off,  beginning  May  I,  1879,  and  multiplying  the  monthly  means  of  Table  No.  26  by  the  num- 
ber of  days  in  each  month  and  summing  them  up,  is  plotted  directly. 

For  other  percentages  of  water  surface  in  the  watershed,  the  reduction  in  yield,  due  to  the 
increased  evaporation  as  per  table  No.  20,  was  computed  and  summed  up  and  the  aggregate  loss 
up  to  the  end  of  each  month  laid  off  in  the  diagram  by  measuring  down  from  the  2  per  cent, 
curve  (or  actually  this  computation  was  made  on  the  reckoning  machme  and  plotted  directly). 
To  avoid  confusion  on  the  reduced  scale  of  the  reproduction  of  Fig.  47,  several  of  the  intermediate 
curves  are  omitted  and  the  series  of  sloping  tangents  is  reproduced  only  for  the  2  per  cent,  curve. 

By  now  noting  the  point  of  maximum  depletion  and  the  extent  of  this  depletion  as  measured 
on  the  scale  of  the  diagram,  as  at  K  L,  we  note  that  under  a  uniform  draft  of  500,000  gallons  per 
day  per  square  mile,  the  maximum  depletion  of  storage  would  have  occurred  in  February,  1881, 
and  would  have  amounted  to  77  mil.  gals,  per  sq.  m.,  with  2  per  cent,  of  water  surface, 
or  "  87  "  7.5 

or  "  loi  "  15 

and  we  further  see  that  the  reservoir  would  have  continued  below  high-water  mark  for  9  months 
on  a  watershed  with  2  per  cent,  of  water  suriace,  or  from  June  I,  1880,  to  March  i,  1881. 

By  similar  measurements  on  Diagram  No.  47  we  obtain  the  quantities  for  plotting  upon 
Diagram  No.  48. 

Attention  has  elsewhere  been  called  to  the  abnormal  rainfall  of  Sep- 
tember, 1882,  upon  the  Croton  Watershed,  and  a  study  of  this  in  comparison 
with  rainfall  elsewhere  at  that  time  indicates  that  this  was  something  so 
unlikely  to  be  repeated  at  another  such  critical  time  as  to  be  an  unsafe 
reliance  for  estimates  of  the  safe  future  yield  of  this  or  other  watersheds. 
The  shape  of  the  mass-curve  plainly  shows  the  abnormal  condition  prevailing 
at  that  time. 

Upon  the  Sudbury  no  such  abnormal  condition  happened  to  prevail, 
and  the  Sudbury  records  appear  to  be  the  safer  and  more  reliable  data  for 
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high  rates  of  yield;  but  to  see  how  far  we  could  allow  for  the  effect  of  this 
abnormal  rainfall  of  September,  1882,  I  have  ventured  some  readjustment 
and  shown  the  result  on  Figure  47. 

The  readjustment  is  as  follows: 

(a).  It  appears  certain  that  an  extraordinary  rainfall  did  occur  upon  the  Croton  in 
September,  1882,  because  the  several  rain-gauges,  miles  apart,  and 
measured  by  different  observers,  all  agree  reasonably  in  showing  a  total 

precipitation  for  the  month  of  September  of 14*63  inches. 

and  comparison  with  30  other  Septembers  shows  the  excess  to  have  been 

about 12.00       *' 

(b).  The  record  of  depths  over  Croton  Dam  show 

that  in  8  days  following  this  most 

severe  storm 14*867  mil.  gals,  of  water  wasted  over  the  dam, 

and  that  in  the  next  1 1  days 3«350 


ik  »k  i« 


Atotalof. 18,217        " 

This  is  equivalent  to  54,200,000  gallons  of  waste  per  square  mile  of  watershed. 

One  inch  of  water  over  one  square  mile  amounts  to 17.4    million 

gallons. 

Wherefore  it  appears  that  -— 3.05  inches 

of  this  rain  ran  off  directly  within  19  days. 

The  reservoir  records  show  that 0.39      " 

of  this  rain  went  to  re-fill  reservoirs. 

Total  rainfall  running   off  within  19  days 3.44      " 

In  the  long  run,  50^  of  the  rainfall  re-appears  as  stream  flow,  but  much  of  the  water  which 

sinks  into  the  ground  and  slowly  percolates  toward  the  bottom  of  the  valley  may  be  months  or 

years  in  re-appearing  in  the  stream. 

The  total  rainfall  of  1882,  mainly  because  of  this  abnormal  September  yield,  was 

52.35—47.83 4.52inches. 

more  than  the  average  rainfall  for  the  32  years. 

After  considering  the  probabilities  from  various  points  of  view,  it  appears  that  we  are  at  least 

justified  in  dropping  the  mass-curve  bodily,  to  the  extent  of  100  million  gallons  per  square  mile, 

which  corresponds  to      -=—5.75  inches  rainfall, 

and  therefore  between  September  1st  and  November  1st  and  for  all  the  rest  of  the  period  shown 
on  Diagram  No.  47,  I  have  dropped  the  curves  100*  million  gallons  in  height;  and  while  the 
exact  measure  of  this  correction  is  unsatisfactory  and  uncertain,  it  certainly  gives  a  safer  and 
more  probable  basis  for  estimates  than  to  let  it  stand  exactly  as  located  by  the  observations. 
It  will  be  noted  that  this  question  does  not  affect  the  result  at  all  for  any  rate  of  flow  less  than 
700,000  gallons  per  square  mile,  i$%  of  water  surface,  and  that  no  doubt  is  therefore  cast  over 
the  reliability  of  Diagram  No.  48,  up  to  the  limit  of  any  ordinary  storage  development  for  pur- 
poses of  water  supply.  For  computing  yields  and  storage  requirements  for  larger  rates  of  flow 
than  this,  I  should  always  make  use  of  the  more  conservative  Sudbury  records. 
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Table  No.  33. 


Average  Computed  Natural  Flow  of  Croton  River  at  Site  of  New  Croton  Dam  for  32  Years, 

MONTHS  IN  CALENDAR  ORDER. 


January... 
February . 
March 

April 

May 

June 

July 

August.... 
September 

October.  . . 
November: 
December. 

33  years... 


Total  Flow 
Mil.  Gal. 


54i.«70 
600,920 

7851770 

597.780 
370,320 
X74.600 

121,230 
198,410 
169.380 

189,750 
346,7x0 

498,860 


4.5»4.9oo 


Average 

Monthly 

Fbw. 


16,911 
18,778 
a4.S55 

xS,68z 

11.573 

5.456 

3.788 
6,200 

5,293 

5.030 
10,835 

13.402 


Average 
Daily  FIo^ 


ow. 


Yearly  average 
X4Z,40x 


545 
665 
793 

623 

373 
183 

xa3 
aoo 

«73 

19X 
36X 
433 


}        387 


Order  of 
Dryness. 


9 
xt 

Z2 
XO 

7 
3 

X 

5 

3 

4 
6 
8 


Table  No.  34. 

Table  Showing  the  Number  of  Times  that  each  Month  has  Stood  in  each  **  Order  of  Dryness  " 

given  in  Table  No,  32  of  Flow  of  Croton  River  for  32  Years, 


Driest. 


Sep.    10 

July  9 
Aug.  6 
Oct.      4 

June  2 
Feb.      I 


■  •  •  •  •  i 


and. 

3rd. 

4th. 

5th. 

Aug.    7 

Oct.     7 

July    5 

June   8 

Sep.    8 
July    7 
June   3 

July    6 
June   6 
Aug.   5 

Oct.    6 
June    8 
Aug.   6 

Oct.  5 
May  4 
Sep.     3 

Oct.     3 
Nov.    3 
May    X 

Sep.     3 
Jan.    3 
May    X 

Sept.   2 
Nov.    2 
Apr.    X 

Nov.  3 
Jan.  2 
Dec.    a 

...• .f . 

Nov.    X 
Dec.    X 

May    X 

Dec.    1 

Feb.  X 
Mar.  X 
Apr.    X 

July  X 
Aug.    X 

Dec.  8 

Nov.  8 

Jan.  4 

Apr.  3 

May  2 

June  3 

Sep.  3 

Oct.  B 

Aug.  X 


Nov.    5 


May 
Jan. 
Feb. 


1 


uly 

une 

Aug. 


Dec. 
Apr. 
Sep. 

Mar. 
Oct. 


Dec.  5 
Jan.  5 
Apr.   3 


3    Oct.     3 
3     Feb.    3 
Mar.    2 

3  Nov.  2 
X  I  Jnne  x 
1     July    X 


Sep. 


9lh. 

xoth 

• 

zxth. 

Apr.    8 

Jan. 

8 

Feb.    7 

Dec.    5 
May    5 
Feb.    5 

Dec. 
Feb. 
Mar. 

5 
5 
5 

Mar.  9 

Apr.  7 
Nov.   3 

Mar.   4 

Jan.     3 
Aug.    X 

Apr. 

Aug. 
Nov. 

3 

2 
2 

May    2 

Jan.  I 
Aug.    X 

Nov.    X 

Sep. 
Oct. 

I 

X 

Sep.  X 
Dec.    X 

•  • 

Wettest 


Mar.  10 

Feb.  8 

Apr.  5 

Jan.  4 

Nov.  3 

Dec.  9 

May  X 
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Records  of  Rainfall  in  Croton  Watershed. 

These  records  are  of  value  as  a  guide  to  deducing  the  flow  of  other 
streams  from  the  known  flow  of  the  Croton  measured  as  described  in  the 
foregoing  pages — according  to  the  assumption  that,  other  things  being 
equal,  the  yearly  run-off  will  be  proportional  to  the  yearly  rainfall. 

Rainfall  records  in  almost  any  locality  are  very  much  more  easily  obtain- 
able than  records  of  long  continued  daily  gaugings  of  a  stream,  indeed  all  of 
the  noteworthy  streams  in  the  Atlantic  States  that  have  been  accurately 
gauged  for  a  term  of  years  will  hardly  reach  a  score.  Occasional  infrequent 
gaugings  of  a  stream  are  not  nearly  so  reliable  a  guide  to  the  flow,  for 
example,  of  the  Housatonic,  the  Ten  Mile  or  the  Esopus  streams,  as  an  esti- 
mate based  upon  such  information  as  can  be  obtained  of  rainfall  and  an 
assumption  that  the  percentage  of  this  rainfall  which  runs  off  in  the  stream 
will  bear  the  same  relation  as  found  upon  the  Croton,  the  Sudbury,  the  Con- 
necticut, Merrimack,  or  some  one  of  the  few  other  streams  that  has  been 
accurately  gauged  for  a  long  term  of  years. 

This  rainfall  record  is  of  special  value  in  the  present  study  as  a  means  of 
utilizing  the  excellent  data  of  rainfall  and  run-off  obtained  on  the  Sudbury 
Watershed  as  an  outside,  independent  means  of  confirming  or  criticising  the 
foregoing  estimate  of  the  number  of  million  gallons  per  day  that  the  Croton 
Watershed  can  yield. 

We  now  find,  for  example,  that  the  mean  annual  pre- 
cipitation on  the  Croton  Watershed  for  the  thirty-two  years, 

1868  to  1899,  has  been 47.83  inches. 

And  that  for  the  twenty-five  years,  1875  to  1899,  it  averaged.     48.44  inches. 
During  the  same  twenty-five  years,  1875  to  1899,  the  rainfall 

on  the  Sudbury  Watershed  supplying  Boston  averaged.  45.83  inches. 
And  we  therefore,  knowing  nothing  about  the  measured  run-off  from 
the  Croton,  would  infer,  since  Croton  rainfall  averages  5.7  per  cent,  more 
than  on  the  Sudbury,  that  the  Croton  river  flow,  other  things  being  equal, 
would  be  5.7  per  cent,  greater. 

And  we  find  further  that  the  per  cent,  of  run-off  averaged  49.05  per  cent, 
on  the  Sudbury  against  47.15  per  cent,  on  the  Croton.* 

The  rainfall  record  commonly  used  heretofore  as  giving  the  average  for 
the  entire  Croton  Watershed  is  that  observed  at  Boyd's  Corners.    This  gauge 


*  I  had  hoped  to  present  a  similar  comparison  with  the  gau^inirs  of  certain  Pennsylvania 
streams  that  have  been  gauged  accurately  now  for  fifteen  years  by  the  Philadelphia  Water  Depart- 
ment, but  although  my  assistant,  Mr.  Knowles,  has  completed  a  part  of  the  computations,  it  is 
impossible  to  finish  them  before  the  time  fixed  for  the  handing  in  of  this  report. 
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is  understood  to  have  been  set  under  the  supervision  of  J.  J.  R.  Croes,  C.  E., 
and  was,  so  far  as  can  be  learned,  the  first  really  reliable  gauge  set  on  the 
Croton  Watershed.  This  gauge  itself  is  a  good  one,  and  well  set,  as  would  be 
expected,  but  it  will  be  noted  from  the  topographical  map  that  this  location 
is  off  in  the  northwest  corner  of  the  watershed  and  further  from  the  sea  coast 
than  the  middle  of  the  watershed,  and  that  the  ground  here  is  at  an  elevation 
above  the  sea  higher  than  the  mean  of  the  land  surface. 

No  good  reason  appearing  why  the  Middle  Branch  Rain-gauge 
Records  should  not  be  used,  and  noting  that  the  Carmel  gauge  was  used  by 
the  Department  of  Agriculture,  I  attempted  such  brief  investigation  as  the 
time  afforded,  into  the  location  and  character  of  each  gauge,  and  into  find- 
ing which  of  the  several  values  published  at  different  times  for  the  same 
gauge  in  the  same  month  was  most  probably  correct. 

My  assistant,  George  W.  Taber,  C.  E.,  therefore  visited  each  rain-gauge, 
measured  it  and  its  height  above  the  ground,  and  noted  its  surroundings,  as 
per  the  figures  50  to  53,  annexed,  and  investigated  such  discrepancies  as 
had  been  noted,  by  a  comparison  with  the  original  records,  and  later,  Mr. 
Thomas  Manning,  keeper  of  the  Boyd's,  Carmel  and  Middle  Branch  reser- 
voirs, very  kindly  took  my  sheet  of  comparisons  and  verified  it  month  by 
month  with  the  original  records  in  his  possession,  correcting  many  minor 
errors.  The  records  of  rainfall  at  Old  Croton  Dam  were  similarly  compared 
with  such  of  the  original  record  books  as  can  now  be  found.  The  corrected 
sheets  were  then  further  reviewed  and  certain  discordant  or  incre'dible 
records,  found  chiefly  in  the  early  Croton  records,  were  rejected. 

Question  then.came  as  to  what  weight  should  be  given  to  the  record  of 
each  gauge.  The  Middle  Branch  and  Carmel  gauges  are  found  to  be  of  a 
good  type,  are  apparently  carefully  and  intelligently  observed  and  are  each 
apparently  equal  in  accuracy  to  the  gauge  at  Boyd's  Corners. 

The  location  of  the  Middle  Branch  gauge  is  the  most  central  to  the 
watershed  of  any  of  these  four  rain-gauges. 

Taking  an  outline  map  of  the  Croton  Watershed  showing  the  location  of  the  gauges,  and  for 
the  moment  disregardmg  the  elevation  above  sea  level,  we  find,  by  marking  off  the  map  into 
divisions,  that  the  percentage  of  the  entire  area  that  may  be  considered  represented  by  each  rain^ 
gauge  is,  in  round  numbers : 

Boyd's. about  15  per  cent. 

Carmel "      20       *' 

Middle  Branch "      30       " 

Croton '*      35 

When  comparison  is  made  of  altitude  of  the  gauge  locations  above  sea  level  with  that  of  the 
general  surface  of  the  entire  watershed,  the  Croton  gauge  is  found  to  be  much  lower  than  the 
average,  and  Boyd's  a  little  higher.  The  Croton  gauge  is  of  an  old-fashioned  pattern  that  should 
have  been  replaced  years  ago,  and  the  Croton  records  make  an  unfavorable  showing  in  care  of 
observation,  particularly  the  early  records,  which  contain  many  incredible  entries.  In  later  years 
the  quality  of  observation  at  Croton  is  apparently  much  better  than  in  the  early  years. 
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RAIN-GAUGES    IN     CROTON    WATERSHED 


Figt  50  two  >Q.  iwSj 


LOCATION 

^  ^ _^  OF 

<^^>U — tBoyd's  corner 

^^■^       ^      RAIN  GAUGE 

Was  moved  to  this  lo- 
cation in  1879. 

The  former  Gauge  was 
j  near  present  spillway.about 
!  600  ft.  northerly  from  pre 
i  sent  position  and  was  about 

' —  '8  inches  in  diam,  —  area's* 

-     —  50  sq.  inches. 

Water  IS  measured  in  graduated  glass. 
Elevat'n  above  sea  level— about  560  ft. 

Long.— 73*>-43' 


open. 


RAIN  GAUGE 


Situation  very  open. 
No  trees  within  150  ft.  and  no  other  buildings. 
Gauge  is  on  northorly  slope  of  a  gentle  knoll 
which  at  100  ft.  south  is,  say,  10  ft.  higher  than 
gauge,  ajnd  at  100  ft.  north  is,  say,  10  ft.  lower 
than  at  gauge. 


.Fig.  01  j^ 


0^.«S  FT.  - 
100  80. INS. 


■N.—  ^ 


LOCATION 

OF 

MIDDLE  BRANCH 

T      RAIN  GAUGE 

I 

j  Gauge  always  at  this  place 
4f  except  from  Sept.  1.  1878 
c>i  to  Dec.  15.  1879  during 
j  which  time  it  was  at  Tilly 

—_  -_... I   Foster  Mine,  1  7  miles  N. 

-_^—  !._'  I   of  its  present  location, 

^j^rrhe  buildings  and  trees 

re' on  slightly  higherground 

than  the  gauge, so  that  while 

,-open  to  the  sky  above,  it  is 

'  somewhat  sheltered  from 

the  wind. 


\ 


Gauge  about  500  ft.  south  of  dam. 
Elevation  above  sea  level  about  340  ft. 


KKKPCIfS 
DWCLUNC 

■     ■   a 


H0U8C 
STORIKS 


Fig.  52  fi^' 


416  PT. 


LOCATION 

OF 

CROTON  DAM 
RAIN  GAUGE 


"t        Gauge  always  located 
in  this  position 


600  ft.  to  dam 
Roa 

V     ^^-    t:-^ 
/f  ri^ceoAa  theb 

-      '^-      ^80  HIGH 


coar  trcs   s 
•o'hioh        T 


\  FOOT  OF  SLOPE 

STEEP  HILL  200  FT.  HIGH 

ON  THIS  SIOE.^*  ^. 


Fig.  53 


(*-0.«3  FT.-«1 
100  80.  INS.; 


Ti 


LOCATION 

CARMEL 
I  RAIN  GAUGE 


^x  ,^--50'— 

TRCEShi''^ 
10  LOWER 
THAN  GAUGE  _ 

ICE  HOUSE  I         ■      I 

TOP  LEVEL  I I 

WITH  GAuaa '— — ' 


.^3        ^QAUQE.^ 


, Gauge  located  at^is 
place  since  Feb.  7.  1898. 

L Previous  to  that  date 
as  in  Carmel  Village, 
'     ^  mile  east  of  the 
Xourt  house  and  about 
—    7,000  ft.  from  its 
present  location. 

\The  land  100  ft.  N.E. 
';^9f  gauge  is,  say  15  ft. 
^higher  than  gaujre, 
'^  and  lOOft.S.W. 
It\s  say,  15  ft.  lower. 
<  Elevation  above 
i^sea  level  about 


AIN 


BARN 
C9  HIGH 
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As  a  matter  of  quality  of  instrament,  precision  of  observation  and  of  elevation  above  sea,  it 
appears  fair  to  give  the  Croton  gauge  only  half  weight  in  comparison  with  Carmel  or  Middle 
Branch,  but  the  proportion  of  drainage  area  to  which  it  is  the  nearest,  gives  it  greater  importance  ; 
so  the  final  adjustment  of  relative  weight  was  as  follows  : 


By  Proportion 

01 

Territory. 

By  Weight 

of 
Observation. 

Product. 

Per  Cent. 

of 
Whole. 

Weight  of 

Observation 

Used. 

Boyd's 

»5 
20 

30 

35 

I 
I 

1 

0.5 

IS 
20 

30 
17 

21 

37 
18 

2 

Carmel 

2 

Middle  Branch 

4 

Crotun 

2 

100 

3-5 

82 

100 

10 

The  records  at  the  several  stations  were  finally  averaged  on  the  follow- 


ing basis : 

1868-1876,  inclusive — Boyd's  Corner  used  alone. 

1877 — Boyd's  given  weight,  2. 

1878-1881,  inclusive — Boyd's  given  weight,  3. 

Croton  given  weight,  2. 
1882-1899,  inclusive — Boyd's  given  weight,  2. 

Croton  given  weight,  2. 


Croton  entirely  rejected. 
Croton  given  weight,  i. 
Middle  Branch  weight,  5. 

Middle  Branch  weight,  4. 
Carmel  weight,  2. 


It  is  stated  by  Mr.  Manning,  the  keeper  in  charge  of  Boyd's,  Carmel 
and  Middle  Branch,  that  this  region  is  subject  to  heavy  local  showers  of  lim- 
ited area,  and  he  cites  the  storm  of  July  2,  1897,  as  within  his  knowledge, 
giving  5.03  inches  rainfall  at  Carmel  and  so  little  at  two  miles  away  that  the 
Water  Department  employees  working  out  of  doors  did  not  seek  shelter. 
There  are,  however,  many  records  of  heavy  rains  and  differences  between 
gauges  in  the  early  days  which  cannot  be  credited.  The  following  explana- 
tions are  due  for  omitting  certain  of  the  records,  and  for  including  others 
which  are  extraordinarv : 

Croton,  from  1868  to  1876,  inclusive— contains  so  many  anomalous  rainfall  records  and  so  many 
cases  where  record  is  open  to  a  suspicion  of  the  .snowfall  not  having  been  melted  and 
included,  that  for  years  1868  to  1876  the  Boyd*s  Comer  rainfalls  alone  are  used. 

Croton,  July,  1877 — The  record  of  6.48  appears  large  when  compared  to  4.65  inches  for  Boyd's. 
A  storm  on  the  30th>«4.oo  inches.  The  Tarrytown  record  for  July  30—3.27  inches  and 
total  for  month— -6.12  inches.     Record  let  stand. 

Croton,  Oct.,  1877 — The  record  of  10.69  appears  lar^e  when  compared  to  8.38  inches  for 
Boyd's.  A  storm  of  the  4th— 6.00  inches.  The  Tarrytown  record  shows  4.38  inches 
for  this  storm  and  8.52  inches  for  whole  month.  Water  in  reservoir  rose  6J^  feet  in 
5  days.     Record  let  stand. 
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Croton,  Sept.,  1878— Excess  apparenlly  comes  from  rainfall  recorded  as  10.40  indies  on 
September  4  and  5,  water  in  river  suddenly  rose  to  44  inches  over  dam.  On  day 
previous  a  record  of  4«6o  inches  rainfall  was  made  with  river  remaining  below  crest  of 
dam  27  hours  later.     This  is  incredible.     Record  for  September  excluded. 

Croton,  Dec,  1 878-— Excess  apparently  comes  mostly  in  remarkably  heavy  rain  of  December 
li«»7.82  inches.  River  rose  to  74  inches  over  dam,  one  of  the  greatest  floods  known. 
Tarrytown  for  same  showed  only  3.69  inches.     Record  let  stand. 

Croton,  Aug.,  1879 — Excess  apparently  comes  mainly  in  storm  of  Auff.  17  to  191—5.50  inches. 
This  is  confirmed  by  Tarrytown— 4.63.     So  record  is  let  stand. 

Croton,  Jan.,  1881 — Storm  of  Jan.  10,  entered  as  5.61  inches  in  Keeper's  record,  apparently 
a  mistake.  Snowfall  was  5  inches.  Temperature  rose  to  33  degs.  F.,  probably 
total  of  rain  and  melted  snow  was  0.61.  Monthly  total  therefore  taken  as  5.32  instead 
of  10.32,  which  has  also  been  done  in  D.  P.  W.  report. 

Croton,  March,  1881 — Discrepancy  March  and  April,  due  perhaps  to  entering  rainfall  which 
occurred  on  March  31,  a  day  later  in  the  other  record.     Record  included. 

Croton,  Jan.,  1882 — Record  of  8.92  inches  appears  large  when  compared  to  4.49  inches  at  Boyd's, 
and  4.69  inches  at  Mid.  Br.  Tarrytowji  recordi~6.30  inches,  and  all  rains  are  less 
that  at  Croton.  Storm  Jan.  2I-b2.ii  inches  is  evidently  an  error,  as  water  only 
ran  from  7  inches  to  10  inches  over  dam.     Exclude  Croton  this  month. 

Croton,  Feb.,  1883 — Record  of  Feb.,  1883-B7.1i  inches  appears  iarge  when  compared  to  Boyd's«=- 
5.21  inches,  and  Mid.Br.>«4.79.  Tarry  town»»3. 15  inches  and  13  inches  of  snowi~4. 15 
— Storm  of  14th  and  15th,  Croton— =2.76.  Tarry town=o. 70  inch.  Exclude  Croton  in 
this  month. 

Croton,  July,  1883 — 5.80  inches  appears  large  when  compared  to  4.29  inches  at  Boyd's,  4.22 
inches  at  Mid.  Br.     But  Carmel— 5.92.     Tarry towni— 3.30.      Let  Croton  record  stand. 

Croton,  Jan.,  1884— 9.01  appears  large  when  compared  to  Boyd's  5.15,  Mid.  Br. 4. 78  and  Carmel 
4.76.  Storm  on  Jan.  8-»4.97  inches.  Tarrytown  record  for  same  storm— 2.20  inches, 
and  total  for  monthi~5.37  inches.     Croton  excluded. 

Croton,  Feb.,  1884^—8.37  appears  large.  Storm  of  26-28—3.27  inches.  Tarrytown  same  storm— 
1. 16  inches,  and  total— 5.46  inches.     Exclude  Croton. 

Croton,  Feb.,  1885— 9.19  appears  large.  Storm  of  i6th— 4.85  inches  and  Tarrytown  record— 
2.24  inches,  with  total  of  4.70  inches.     Croton  excluded. 

Croton,  Jan.,  1886-97.79  inches  appears  large.  Storm  of  Jan.  5.— 3.79  inches.  Tarrytown  record 
for  same  stormi~2.25,  and  total  K>r  monthi— 4.78  inches.     Exclude  Croton. 

It  has  been  noticed  that  during  months  when  heavy  storms  occur,  the 
Croton  record  is  larger  than  any  other,  and  that  an  individual  storm  will 
commonly  have  a  larger  record  at  Croton  than  at  Tarrytown. 

The  high  percentage  of  run-off  for  1868  is  remarkable.  The  excluded 
Croton  rainfall  record  for  that  year  gave  88  inches — a  sub-tropical  figure 
which  is  incredible;  but  it  may  be  that  while  Croton  was  too  high,  Boyd's 
was  too  low  for  a  fair  average  over  whole  watershed. 
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Table  No.  35. 

Rainfall  on  Croton    Watershed. 
Total  inches  depth  of  rain  and  melted  snow  collected  during  month. 


January  

February  

March , 

April 

May , 

June 

July..,.. 

August 

September 

October 

November 

December 

Total 


1868. 

1869. 

1870. 

Boyd's. 

Croton. 

Value 
Used. 

Boyd's. 

Croton. 

Value 
Used. 

Boyd's, 

Croton. 

a. 90 
x.38 
a. 55 

3.a3 
x.5« 
3-9« 

3.90 
1.38 
a. 55 

3-79 
3.64 
5.48 

5.40 

5.75 
9.5X 

3-79 
3- 64 
5.48 

6.40 
3.80 

3.70 
6.37 
7.a3 

3.87 
8.79 

4.53 

5.47 
13.78 

7. XX 

3.87 
8.79 

4-53 

a.xz 
4.5a 
3.59 

3.38 
6.78 
Z.Z9 

a. XX 
4-5a 
3-59 

5.45 
3.30 
a. 06 

4-95 
a.71 

3.50 

2. 13 
6.98 
9.33 

3.«5 
13.03 
ao.47 

a.X3 
6.98 

9.33 

a.  36 
X.93 
3.90 

a. 06 
1.97 
8.64 

a. 36 
1.93 
3.ao 

3.43 

5. TO 

a. 85 

a.75 
7.71 

a. 36 

0.87 
4.65 
a. 35 

0.63 

7-U 
3.50 

0.87 
4.6s 

a.  35 

9.46 
5.96 

8.93 
7a3 
5.74 

9.46 
5.90 

4.73 
a.5x 
T.49 

7.6a 

3.74 
x.ao 

50.33 

82.46 

50.33 

48.36 

60.53 

48.36 

44.63 

5384 

Value 
Used. 


4.5X 
6.40 

3.80 


5-45 
a. 30 
2.06 


3.43 
5.10 

3.85 


4-73 
3.5X 
X.49 


44  63 


Jaituary 

Tebruary 

March 

April 

May 

June 

July 

August 

September 

October 

November , 

December 

Total 


187 1. 

1872. 

1873. 

Boyd's. 

Croton. 

Value 
Used. 

Boyd's. 

Croton. 

Value 
Used. 

Boyd's. 

Croton. 

3.80 
3.8Z 

x.x8 
o.ia 

3.80 
3.8X 

x-44 
z.aa 

0.76 
1.39 

».44 
X.33 

5.66 

1-5 

3.96 
Z.40 

4.87 

5.6a 

4. 87 

a. 59 

3.57 

a.59 

X.90 

3. ox 

3.45 
5.73 

4.9a 

8.63 

3. ox 

3.45 
5.73 

3.^9 

4. CO 

0.70 

3.93 
3.65 

^•2J 
3.69 

4.00 

3-77 
a.9x 

0.7X 

3.X7 
3.03 

0.X4 

5.07 

5.84 
».44 

5.33 
9.48 

«.47 

S.07 

5-84 
1.44 

4.34 
5.99 
3.69 

5  XX 
7.83 
3.X7 

4-34 
3.69 

8.3X 

5-73 
3. 71 

4.44 
9.91 

5.36 

6.x8 
4-35 
a. 59 

7.89 
7.71 
0.4a 

6.18 
4.35 
a. 59 

a.x5 
4.91 
3.68 

X.80 

4.51 
x.80 

a. IS 

4-9« 
3.68 

5.X3 
3-7a 
4.13 

4'8s 
8.16 

a.37 

48.94 

58.50 

48.94 

40.74 

38.  X8 

40.74 

43-87 

4X.68 

Value 
Used. 


5.66 
3.09 
3.08 


3.77 
a. 91 

0.71 


a. ax 

5.73 
3.73 


5x3 
3.7a 
4.X3 


43.87 
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Rainjall  on  Croton   Watershed — ^Continued. 


1874. 


Boyd's. 


January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November ». 

December • 

Total 


6.96 
3.78 

x-57 

6.31 
1.99 
3'57 

5-98 
a-75 
3.56 


a. 40 
3.7a 
X.78 


4a -37 


Croton. 

Used. 

5  98 

6.96 

0.X7 

3.78 

0.54 

»-S7 

3-49 

6.31 

X.59 

1.99 

3.26 

3.57 

5. 96 

5.98 

4.72 

a.7S 

4- 3a 
x.oo 

3.56 

3. 40 

3.68 
0.99 


34x0 


3.73 
1.78 


49-37 


Boyd's. 


3.74 
3«47 
4.99 


3  •04 
Z.08 
3.0a 


3.10 

10.33 
3.Z1 


3«6i 

4.6Z 
Z.56 


43.66 


1875. 


Croton. 


3.01 
383 
5.87 


3- 78 
Z.36 
a. 78 


Z3.06 
t.76 


4  »7 
6.00 

Z.86 


S3  •9a 


Used. 


a-74 
3.47 
4.99 


3-04 
Z.08 
3.03 


3.Z0 
ZO.33 

3.ZZ 


3.6t 
4.6z 
z.56 


43.66 


Boyd's. 


z.4a 

4.QZ 

6.33 


4-43 

3-99 
3.53 


3-4« 

Z.30 

S.ai 


Z.50 
3- 40 
«-35 


40.68 


1876. 


Croton. 


r.68 

7.9a 

Z4.64 


3-8a 
3.87 
4-34 


6.03 
3.5Z 

4-37 


a.Z3 

3-39 
6.50 


61. ao 


Used. 


1.43 

4.9Z 
6.33 


4-43 
3-99 
3.5a 


3-4a 
z.ao 

5.ai 


1.50 
3.40 

a. 35 


40. 68 


January........ .. 

February......... 

March 

April 

May. 

June 

July 

August 

September 

October 

November 

December 

Total 


Boyd's. 


3.68 
0.80 
7.66 


3.3s 
0.85 

4-95 


4.65 

a-54 
1.49 

8.38 
8.16 
1.5a 


46.03 


1877. 


Croton. 


3-aa 

Z.3X 

8.98 


3.73 
0.57 
5.58 


6.48 
3.18 
Z.09 


10. 6q 
7-54 
1-35 


53.61 


Average. 


3.86 
094 
8.Z1 


a. 47 
0.76 
5.Z6 


5.36 

a. 75 
z.36 


9x5 

7-95 
z.46 


48.33 


Boyd's. 


4-49 
3-65 
3.Z0 


3.85 

4-97 
4.65 


4.38 

3. 06 

6.6z 


3-78 
4-36 
8.74 


1878. 


54- M 


Croton. 


4.30 
5.90 
3.87 


3.00 
4. II 
3«3 


3.86 
3.63 

(15.86} 


6.07 
6.37 

(13.  a8) 


{71. a8) 


Middle 

Aver- 

Branch. 

age. 

5.03 

4.7X 

3.56 

406 

3.07 

3.04 

3.t8 

3 -05 

4-73 

4.67 

4-33 

4.18 

3.98 

4-55 
8.56 


3-5r 
4.46 
6.94 


55-89 


4  OS 
3.60 

7.83 


4.Z0 

4.79 
7.6a 


55  70 
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Rainfall  on  Croton   Jf^diAfrjA^^— Continued. 


January.. . 
February. 
March 


July 

Aogust 

September. 


October.  .. 
November. 
December. 


Total. 


1879. 


Boyd's. 


a.sa 
a. 8s 
4.96 


April 5.X0 

May 

June 


a-45 
5.53 


5-95 
5.89 

3-43 


0.95 

3-47 
4.a6 


47-30 


Croton. 


4.56 
4.98 
5.76 


4«7 
2.74 
4.81 


5.15 
9.29 
3.88 


0.60 
2.99 
5.64 


53-57 


Middle 
Branch. 


3.24 

3.5T 
3.86 


4.80 
3.0a 
5.39 

6.X3 

6.69 
3.4a 


0.57 
9.63 
4.06 


44- a7 


Aver- 
age. 


a.  79 
3-«4 
4.57 


4.76 
3.39 
5.27 


5.87 
6.95 

3.3a 


0.69 
a.95 
4-44 


47.04 


1880. 


Boyd's. 


3-73 
3.3a 
3.79 


3-99 
1.07 


5.79 
3.60 
8.69 


3.35 
2.97 

3.49 


37-94 


Croton. 


3.96 
3.33 
4-59 

3.28 
z.xo 

«-47 

6.56 

5.25 

2.64 

2.86 

9-54 
3.16 


39-74 


Middle 
Branch. 


3.44 
1-47 
3-70 


3-44 
1.00 

1.46 


5.62 

4.05 
a.z6 


3.56 
x.8s 

a.44 


35  •X9 


Aver- 
age. 


3-43 
340 
3.90 


3.57 
X.C4 
Z.40 


5.86 
4.X6 
3.43 


a. 83 
8.3a 
a. 59 


36.98 


1881. 


lanuary.k. 
r'ebruary .  . 
March 

April 

May , 

June 

July 

August 

September. , 

October 

November . 
December.  . 

Total. 


Boyd's. 

Croton. 

6.X4 

5-3a 
6.70 

9-73 

X.67 
5.11 
4.35 

0.86 
2.74 
S-a7 

2.66 
x.66 
0.7s 

x.83 

a. 75 
0.41 

3-75 
4.50 
6.03 

x.76 
5.60 
7-54 

46.08 

50.50 

Middle 
Branch. 


5.06 
4.65 
5-50 


x.ao 

3.89 
4.63 


3.63 

a. 83 
0.94 


2.94 

5.53 
5.92 


Carroel. 


•  •  •  • 

•  •  •  • 


•  •  •  • 

•  •  t  • 


•  •  ■  • 

•  •  •  • 

•  •  •  • 


•  •  •  • 

•  •  ■  • 

5-5» 


I 


45.70     I     5.5« 


Aver- 
age. 


4.85 
5.35 
6.54 


X.37 

4.03 
4.67 


a. 48 
2.46 
0.78 


3.95 

5- 
6. 


5.23 
m8 


1882. 


46.69 


Boyd'i. 

Croton. 

Middle 
Branch. 

Carmel. 

Aver- 
age. 

4-49 
5-97 
4  9a 

(8.93) 
5-37 
3-7X 

4.69 
5.94 
3.75 

4.94 
5.48 
3.80 

4.68 
5.7a 
3-99 

6.30 
3.04 

X.46 
6.44 
•-57 

«-3i 
5-5X 
«.33 

,x.58 

5.04 
3.44 

1.42 

5.9a 
a. 74 

3.66 

3-93 
X4.4X 

3-19 
3.83 

16.36 

3.77 

»-35 

13.43 

3.24 

3.15 

15. 6x 

3.16 
M.63 

3.68 

3.77 
x.7r 
3-X7 

2.79 
I -49 

3.X5 

2-55 
x.73 
2.32 

2.86 
1.61 

a.  49 

55.83 

(59-a9) 

48.51 

53-87 

52.35 
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Appendix  No.  i. 


Rainfall  on  Cretan  Watershed— ^QonimMt^, 


January  

February 

March 

April 

May 

June , 

July 

August 

September 

October 

November  ..... 
December 

Total 


1883. 


Boyd's. 


9.98 
5.21 
1.87 


3-9* 
9.86 

5.63 


4  »9 
a.xo 

a.  32 


7.03 
1.72 
3-45 


43.6a 


Croton. 


S.27 

7. IX 
2.S2 


3.94 
a. 45 

3.83 


5.80 

a-55 
a-47 


5-53 
»-i3 

4.84 


47.  X4 


Middle 
Branch. 


2.88 

4.79 
1.56 

9. 89 
9.39 
3  •50 


4.99 

3.08 
2.80 


6.06 

i'73 
3  •3a 


39-99 


Carmel, 


3.00 
4.98 
X.68 


3-44 
9.72 

6.XX 


5  •9a 
9.65 

9.48 


6.50 
>-5' 
3-33 


44- 3a 


Aver- 
age. 


3.40 
5-38 
X.78 


3.49 
2.56 

4.59 


4.89 
9.69 

2. 61 


6.24 
X.56 
3-65 


49.70 


1884. 


Boyd's. 


S»5 
6.93 

4.89 


9.96 

4'33 
X.95 


6.86 

S.38 
0.96 


365 
4-37 
7.34 


54.00 


Croton. 


(o.ox) 

18-37) 
3.31 


3-»5 
3  92 
3-30 


5.56 
8.87 
0.34 


X.39 

S-93 
6.58 


(58.96) 


Middle 
Branch. 


4-78 
5-97 
3-77 


9.73 

3-70 
9.54 


6-43 
7.36 
0.9s 


3-a3 
3-86 

5-93 


50.55 


Carmel. 


4.76 
S-30 
495 

9.82 

3-90 
9.27 

6.26 

5-49 
X.07 


3.>8 
3-88 
6.17 


49*35 


Aver- 
age. 


4.87 
5-59 
3-99 

2.88 

390 
2.52 


6-; 

6.  kg 


0.85 


9.9a 

4-24 
6.39 


5x.a8 


January 

February , 

March 

April 

May 

June , 

July 

August 

September 

October 

November. .... 
December 

Total 


1885. 


Boyd's. 


5-59 
4.66 

x.96 


9.09 

2.44 
X.X9 


5.96 

7-33 
X.09 


5.t3 

5-99 
3.78 


4583 


Croton. 


6.18 

(9-19) 
x.^ 


9.51 
X.87 
0.99 


4.87 

7-33 
o  87 


5.96 
6.43 
3-38 


(51.S0) 


Middle 
Branch. 


5.02 

4-44 
X.14 


9.t9 

X.85 

x.x8 


4-95 
6.59 

X.X9 


4.70 
5.76 
a. 41 


4X.98 


Carmel. 


5.93 
4-94 

X.X9 


9-49 
9.4^ 
X.3X 


5-04 
5.82 
x.x6 


5-36 
5-87 
3.4a 


Aver- 
age. 


5.41 

4-44 
X.26 


9.97 
9.09 
X.17 


5. ox 
6.7X 
x.xo 


S-I7 
5.96 
308 


I8S6. 


Boyd's. 


43-52 


43-67 


5-99 
4.87 
3.86 


3-59 
4.54 
3-39 


4-76 

3.9X 

9.30 

9.98 

5.57 
4.29 


Croton. 


48-58 


(7-79) 
6.52 

4.48 


5.09 

4.09 

3-35 


4.46 
3-58 
1-43 


9.5X 
5.X3 
3.19 


Middle 
Branch. 


5-23 
4.22 

3-86 


3.6s 

4-59 
3.08 


5.68 
2.92 

2.()9 


x.95 
5-99 

4 -09 


(5»-55) 


Carmel. 


47-»8 


5-24 
3.48 


3'a9 
3-68 

3.40 


5.97 
9.82 

9.35 


1.99 
5.66 
3-85 


Aver- 
age. 


46.59 


5-49 
4.99 

3-9» 


3.84 
4.98 
3-98 


5.3X 
3.09 
9.99 


9.14 

5-39 
3-87 


47.74 


I 

A 
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RtUnfall on  Croton  ^a/^x^t/— Continued. 


January 

r  ebruary.. 

March 

April 

May 

June  .; 

July 

August 

September 

October 

November. 

December 

Total* 


Boyd's 


5.68 

5.9s 
3«6o 


3-47 
0.32 


»3-5S 
6.85 
1.90 


3.12 
2.69 
6.71 


6«.54 


1887. 


Croton. 


6.44 
7.08 

3-59 


3.02 
0.18 
6.80 


10.72 

4.37 
1-47 


3-77 
9.17 

4-99 


54.60 


Middle 
Branch. 


5-65 
6.30 

3-73 


a. 90 
0.30 
6.25 


ir.x2 
7«s6 
1. 81 


3-79 
9.6x 

S.09 


n.xi 


Carmel. 


5-44 
5.81 

3.96 


3-^7 
0.47 

6.95 


9.64 
7' 30 
«-5« 


3  •3a 
2.52 
6.ca 


56." 


Aver- 
age. 


577 
6.29 

3.7a 


3-09 
0.31 

6.79 


IT,»3 

6.73 
1.70 


3*56 
2.53 
S.58 


57- »9 


1888. 


Boyd's. 


5.56 
5.07 
6.44 


2.68 
6.17 
2.19 


2.24 

6.87 
10.77 


4.80 

4*49 
6.13 


63.41 


Croton. 


4-Qx 
4.63 

3.3a 


2.46 
6.73 
2.76 


2.80 
6.49 
8.19 


4.47 
3-31 
5.59 


55.68 


Middle 
Branch. 


524 
5-X5 
6.69 


a. 53 
5-77 
X.97 


a. 40 

6.58 

10.05 


4.89 
4.20 
5.89 


61.36 


Carmel. 


5- 58 

5-" 
5.89 


9.67 
5-76 
a.33 


2.72 

6.49 
10.92 


4.39 
4.12 

6.x6 


6T.64 


Aver- 
age. 


5.31 
5.02 
5.81 


9.57 
6.04 
2.24 


2.41 

6.60 
xo.oo 


4.69 
4.07 
5.93 


60.69 


I 


anuary.. 
ebruary. 
March.... 


April. 
May., 
Jtwe.. 


July 

August.... 
September. 


October... 

Novemoer. 
December. 


1889. 


Boyd's. 


5  X4 

2.33 
X.86 


4«4a 
3.a» 
4.76 


7.49 
2.90 

6.13 


I 


09 
.01 

a.  94 


Total 54-a9 


Croton. 


5.X5 
2.40 
X.79 

S.48 

2.9X 
3.18 


8.39 

5.ai 
5.67 


3*39 
8.44 

2.99 


54.  a3 


Middle 
Branch. 


4.84 

9.92 

x-54 


4.a3 
3.^7 
3-67 


xt.71 
3.43 
7.^4 


3-35 
8.73 
3. as 


57.98 


Carmel. 


5^38 
a.o8 
2.09 


3.9« 
3.04 
4.06 


9.5a 
3.69 
6.03 


4.19 
8.74 

a. 79 


55.4a 


Aver- 
age. 


5.05 
2.^25 
1.76 


4-45 

2. 

3- 


t.o6 
1.87 


9-77 

3.73 
6.42 


3.87 

8.54 
3.03 


55. 70 


1890. 


Boyd's. 


x.97 

4< 
5- 


':^ 


3-oj 
5-74 
3.56 


S.46 
4.70 
6.86 


7.63 
x.xa 
3.69 


54.36 


Croton. 


a-5i 
3.30 
7.19 


3.7« 
5.57 
3.75 


4.70 

4.4« 

4.58 


6.99 
0.81 
a. 78 


49.60 


Middle 
Branch. 


a. 73 

4.55 
6.01 


3-7a 

5.9a 
4.63 


5.08 

3  9» 
7.3a 

6.49 
X.C9 

4-4X 


55.86 


Carmel. 


2.76 
4.56 
5.59 


2.96 
6.06 
3.96 


5. 05 

4-44 
7.80 


6.76 
x-33 
3-99 


54.56 


Aver- 
age 


4.38 
6.09 


3.43 
5.84 
3.97 


5.07 

97 

.78 


X 


6.73 

X.C9 
3.86 


54-05 
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Rainfall  on  Croton  fVa(frs/t^d—Conim\ie6, 


January 

February , 

March 

April , 

M!ay 

June 

July 

August 

September 

October 

November 

December 

Total 


189I. 


Boyd's. 


9.76 
6.00 
3.36 


3-77 
1.36 
z.8x 


3.03 
5.6x 
X87 


a. ax 
3.86 
5.65 


48.39 


Croton. 


8. XX 
4.58 
3-53 

a.66 
a. 30 
a. 4a 


4-59 
4. ax 

a.3X 


a.a4 
3.3X 
4-99 


45  as 


Middle 
branch. 


8.88 
6.00 
3.4a 

a. 76 

1.49 
a. 30 


4.57 

5.31 
a. 00 


a.47 
3-36 
5.5X 


48.07 


Carmel 


9.7X 
S.9X 

3-39 


3-X4 
x.^o 
X.83 


3.65 
4.80 
X.67 


a. as 

3'57 
5-Jt4 


46.34 


Aver- 
age. 


9.06 

5-7X 
3.4a 


3.0a 

^•59 
S.X3 


4.08 

5-os 
X.97 


a. 3a 

3*49 
5.36 


47. ao 


1892. 


Boyd's. 


5-95 
x.aa 

3-9» 

z.c8 

S.74 
384 


5.05 
6.13 
a. 65 


0.9a 
7.«5 
».X5 


45  50 


Croton. 


5.96 
x.a8 

a. 9a 


x.a8 

4.99 
4.a8 


4.9a 
5.X9 
a.x8 


0.77 
6.46 
x.z6 


4X-39 


Middle 
Branch. 


6.43 
1.07 

3-7X 


1.04 
5-84 
3.X9 

6.06 

5.9J 
a. 04 


0.94 
6.93 
z.oO 


44-a4 


CarmeL 


6.xa 
X.05 
3.8X 


0.95 
5.4X 
3.aa 


6.46 
7.4* 
a.  33 


X.  xo 

7-37 
0.79 


46.0a 


Arer- 


6.x8 
1.X4 
3.6x 

X.08 
5-56 
3.54 


5-71 

6.Z3 

a. as 


0.93 
7.1a 

X.04 


44.a8 


January.. 
February . 
March..., 


Anril, 
May., 
June. 


July 

August. . . . , 
September. 


Boyd'f. 


4.03 
8.05 
4-58 


3S5 
8.81 

a.44 


a. 38 
7.06 
a. 65 


October |     6.4a 

November ,     3.32 

December ,     5.34 


Total '  58.57 


1893. 

Croton. 

Middle 
Branch. 

3. ax 
7.86 

4-37 

3.02 
7.90 
a.o8 

a.  56 

7-35 
2.24 

5.33 

3-35 
5.IC 

Carmel. 

3-64 

7-59 
4.1a 

3.08 

8.55 
a. 36 

a. 93 
6.55 
a. 56 

a. 86 
5.38 

* 

Aver- 
age. 

BoydV. 

3.93 
S.78 
385 

a. 99 
6.31 

a. 94 

3.97 
7.36 
3.09 

4.54 

a. 99 
4-56 

3.61 

7-43 
4.35 

III 

a.iS 

a. 88 

7.13 

a.  56 

5.39 
3.13 
5.10 

3-40 

}:I2 

6.90 
1.59 

X.75 
X.45 
7.69 

5-99 
4.1a 

4-43 

52.31 

54  •a7 

54-95 

54.87 

47.04 

1894. 


Croton. 


Middle 
Branch. 

Carmel. 

ATCr- 
agc. 

3-33 
4.54 
a.oa 

a.84 

5-49 
X.5X 

3.46 
5.80 
6.16 

5.07 
4.67 

4.30 

3-57 
4.68 
X.84 

3x4 
5-99 
0.98 

3.0X 
6.54 

6.3a 
4.46 
4.X6 

3.aa 

4.60 

X.77 

a.83 
X.56 

a. 68 
6.70 

4.63 
4.19 

50.09 

47.2a 

47.33 
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Rainfall  on  Croton  Watershed — Continued. 


1895. 


Eoyd's. 


January I    4.83 

February x.85 

Mifch 


April, 
May, 
June  , 


July 

August.... 
September. 


October . . . 
November, 
December . 


Total 


X.8S 


5-63 
2.39 
1.94 


3.80 
3.10 
X.06 


3-55 
2.98 

4.8s 


37.78 


Croton. 


3-74 
1.67 
ft. 00 


3.97 
1.60 
a.oj 


6.rx 

3-55 
3.X6 


3  58 
4.84 

4.72 


40.99 


Middle 
Branch. 


4.91 

3. 10 

a.  35 


4.42 
a. 41 

a. da 


4.48 
4.7a 
0.78 


3.74 
5  06 
4.1a 


4X.91 


Carmel. 


5.10 

«-57 
a. ox 


4-44 
x.fc6 
a.xa 


4.76 

4.4s 
0.81 


3'^ 
4-95 
4.62 


40.29 


Aver- 
age. 


4.70 
X.86 
a.  xa 


4.57 
a.xz 

».35 


4.73 
4. IX 

1.32 


3-^4 
4.58 

4-49 


40.58 


1896. 


Boyd's. 

Croton. 

1.09 
8.41 
8.30 

0.89 

5-94 
9.78 

X  48 
3-48 
3-47 

1.05 
3.02 
4.65 

3.98 
4.60 

6:54 

4.89 

3.2T 

X.93 

3.96 
9.72 

3.70 

I.2X 

50.34 

46.37 

B^ich' Carmel 


1.30 
7.18 
6.80 


I.X3 
2  93 
4.00 


4.28 

3-74 
5.«7 


a.  39 
3.38 
X.93 


44.33     I  44.20 


x.io 
7.09 
6.90 


X.20 
a. 79 

3.32 


3.54 
4-3a 
5.18 


3.63 

3.43 
9.10 


Aver- 
age. 


X.X4 
7.37 
7.7X 


x.ao 

3.03 
3.89 


4.53 
3.84 
5-39 


a. 31 

3-57 
X.98 


45.85 


January . . 
February. 
March  ... 


April 
May. . 
June  . 


July 

August.... 
September. 


October . . . 
November. 
December. 


1897. 


Boyd's. 


4.07 

3.»4 
3.68 


a. 78 
5-56 
3.4* 


la.  sx 
5.63 
X.74 


9. ox 
6.31 
6.56 


Total 57-40 


Croton. 

Middle 
Branch. 

Carmel. 

a.  90 

a.x6 
3 -03 

3.10 
6.53 
3.5X 

X0.99 

5.04 
9.00 

X.49 

4*49 
3-55 

3-53 
3.66 

3-49 

305 
6.03 
3.18 

XX. X5 

3.3X 

x.79 

0.93 
5.73 
4.78 

9.76 
3-34 

3.05 
5.96 
3.33 

16.64 
4.90 

x-74 
0.89 

6.33 
5.32 

47.78 

51.5a 

57.40 

Aver- 
age. 


3-49 
a. 67 

3.40 


3.01 
6.0a 
3.X0 


X2.49 

5.33 
X.83 


1.35 

5. 69 
4.98 


53'«a 


1898. 


Boyd's. 

Croton. 

5.89 

.S.3X 
3.64 

4.82 

4.36 
3.66 

3.74 

7-37 
X.50 

3.83 
8.60 

I '54 

4.78 
7.66 
3.17 

5.57 
9.19 

9. 17 

4.84 
6.8x 

3.»7 

2.40 

55.78 

57.3a 

Middle 
Branch. 


4.60 
4.18 
9.89 


3-50 
7.89 
X.39 


3-5a 

13.94 
9.93 


4.63 
6.34 
3-Jt7 


Carmel. 


4-97 
4.64 

a.43 


3.78 

7.X3 
X.33 


3.80 

X2.  87 
a.38 


1.69 
6.X5 
3.39 


58.a8  I     57.36 


Aver- 
age. 


4.98 

4.5X 
a. 90 

3.67 

7.77 
x.4t 


4.a4 

IX.  53 

3.34 


4.83 
6.29 
3.04 


57.40 
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Rainfall  on  Croton  ^a//rj^£^^— Continued. 


January 

Februaxy 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Toul 


1899. 


Boyd's. 


3-37 
7.56 


1.99 
1.80 

538 


5.99 
0.48 
8.86 


X.48 
9.05 
a  75 


47 -as 


Croton. 


4.73 
4.19 

5-65 


1.93 
3. 13 
4-93 


6.04 

^•57 
5.08 


z.aS 
Z.85 
a. 30 


41. 67 


Middle 
Branch. 


3.78 

5.84 
6.46 


X.58 
a.xo 
5-5a 

6.17 
0.3a 
7.10 


z  39 
1.82 

a-37 


44-35 


Carmel. 


3-59 
5.76 
7.03 


1.66 
X.68 
6.73 


5.38 

©•53 
7.78 


x.oa 
3. 09 
a. 67 


45-74 


Aver- 
age. 


3.8s 

5-43 
6.63 


«.7S 
Z.96 
5.63 


5.93 
0.64 
7.19 


1.37 
X.91 
a. 49 


44-67 


1900. 


Boyd's. 


4.Z8 


» • « • 
« •  • . 
• « • « 


Croton. 


Middle 
Branch. 


Carmel. 


4.05 


•  •  •  ft 

•  •  ■  • 

•  •  •  • 


•  •  • 

•  »  ft  • 

•  ft  •  • 


•  •  •  ' 
ft  •  •  I 


•  •  •  • 

•  •  •  • 


4.06 


Aver- 


.  • .  • 

.... 
.... 


.... 
.... 
.... 


.  •  • . 
.  • .  • 
«... 
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Table 


Rainfall  on  Croton    Watershed^  in  Total  Inches^    Depth  each   Month   and    Year^  1 868-1 899. 

over  the  Entire  Watershed,     Percentage  of 


Months. 


January . , 
February . 
March  . . . 


April 
May  . 
June  . 


July 

August  ..., 
September , 


October . . . 
November. 
December . 


Tout  rainfall. 


Total  ran-off 
Per  cent 


1868. 


3.90 
1.38 
2-55 


3.87 
8.79 

4-53 


a.  13 

6.98 

9»33 


0.87 
9.35 


50-33 


33-33 

66.22 


1869. 


3-79 
3-64 
S.48 


9. XX 


4 
3' 


52 
59 

9.96 
X.99 
3.90 

9.46 
9.43 

5  96 
48.36 


93.61 
48.8a 


1870. 


4-5« 
6.40 
3.80 


5 

45 

9 

•30 

2 

.06 

3 

•43 

5 

zo 

9 

85 

4 

•73 

9 

•5« 

Z 

•49 

44 

.63 

19. 

90 

43- 

C9 

I87I. 


3  80 
3.81 
4.27 


3-ot 
3-45 
S-73 


5. 07 
524 
1-44 

6.z8 

4-35 
9.59 


48.94 


I  -  ■ 


Z9.46 
39  76 


1872 


1.44 
z.a2 
9.59 


3.04 
3.69 
4.00 


4.34 
5-99 
3.69 


9. IS 

4. ox 

3.68 


40 -74 


16.99 
41.53 


1873.  1874. 


5.66 
f  .09 
3.08 


3.77 
9.9X 
0.71 


2.9Z 

5-73 
3-73 


5.13 
3-72 
4.13 


43  87 


95.02 
57  03 


6.96 
2.78 

»-57 

6.31 
x.g9 
3-57 


S.98 
a. 75 
3-56 


2.40 
9.72 
1.78 


4a -37 


95.  zo 
59-34 


January 

February 

March 


April 

May 

June 


July 

August 

September 


October 

November 

December 


Total  run-oflf 
Per  cent 


1886. 

1887. 

1888. 

1889. 

1 

1890. 

5-4" 

5-77 

5.3« 

5.05 

a. 54 

4.92 

6.29 

5.09 

9.25 

4.3i« 
6.09 

3.9* 

3-7a 

5.8X 

1.76 

3.84 

3.09 

2.57 

4.45 

3-43 

4.98 

0.31 

6.04 

2.96 

5-84 

3.28 

6.79 

9.94 

3.87 

3-97 

5-3« 

xf.93 

2.41 

9-77 

5 -07 

309 

6.73 

6.60 

3.73 

*-*z 

9.29 

1.70 

zo.co 

6.42 

6.78 

9.14 

3-56 

4.69 

3.87 

6-73 

5.39 

2.59 

4.07 

8.54 

Z.09 

3-87 

S-58 

5-93 

3.03 

3.86 

47-74 

57.29 

60.69 

55.70 

54-05 

20.  zo 

96.61 

35  •a7 

31-39 

85 -95 

42. zo 

46.45 

58.19 

56.36 

48.  ox 
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No.  36. 

Natural  Flow  of  Croton  River  at  Old  Croton  Dam  in  Equivalent  Inches^  Depth  for  tfie  Year 
Run-off'  to  Rainfall  for  each  Year, 


1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

19S3. 

a.  74 
3-47 
4.99 

3.04 
X.08 
3.02 

3«xo 
X0.33 

2. IX 

3.61 
4.6t 
1.56 

1.42 

6-33 

4-43 

3-99 
2.5a 

3-43 
1.20 

5.21 

X.50 
340 

3-35 

2.86 
0.94 
8. XX 

0.76 
5.X6 

5.26 
X.36 

9.X5 

7-95 
X.46 

4.06 
3.04 

3-05 
4.67 
4.18 

4-05 
3.06 

7.83 

4.X0 

4-79 
7.62 

3.79 
3-14 
4-57 

4.76 
2.29 
5.27 

5.87 
6.95 
3.33 

0.69 
3.95 
4-44 

3.43 
3.40 

3.90 

3.57 
X.C4 
X.40 

5.86 
4.16 
2.42 

2.83 
2.32 
3.59 

4.85 
5-35 
6.54 

1.27 

4.03 
4.67 

2.48 
a. 46 
0.78 

3.95 
5.33 
6.18 

4.68 
5.73 
3-99 

X.42 

5.03 
2.74 

3.X3 
3.X6 

14. 63 

2.86 
x.6x 
3.49 

3.40- 

5.3* 
X.7& 

3-43 

2.56 

4.53 

4.8q 
2.69 

2.6x 

6.24 
X.56 

3.6s 

43.66 

40.68 

48.23 

55.70 

47-04 

36.93 

46.69 

53.35 

42.70 

24.77 
56.73 

31.09 
SI.  84 

20.22 
4X.92 

37.17 
48.78 

19.65 
4X-77 

13.63 
34.31 

19.25 
41-33 

24.28 
46.38 

13-33 
31.22 

d)  h  A 

189I. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

►fi^ 

9.06 

5.7» 
3.43 

6.x8 

X.14 

3.6X 

3.61 

7.43 
4.25 

3.22 
4.60 
X.77 

4.70 
X.86 

2.12 

1.X4 

7.37 
7.71 

3.49 
2.67 

3.40 

4.08 

4.51 
2.90 

3.8s 

6.63 

4.ao 

4.13 
4.03 

3.02 
X.59 

2.X3 

1.08 
5.56 
3.54 

3-13 
7.88 

2.38 

2.83 
5.73 
1.56 

4.57 
2.ZX 
3.35 

X.20 

3.03 
389 

3. ox 
0.02 
3.X0 

3.67 
7.77 
X.4X 

X.75 

x.9(> 
5.6a 

3.18 
3.78 
3.36 

4.08 
5.05 
X.97 

5.71 

0.X2 
2.25 

2.88 

2.56 

2.68 

3.7X 
6.70 

4.73 
4. II 
1.33 

4.53     • 

3.84 

5.39 

13.49 
5.20 

X.82 

4-34 
11.53 

2.24 

5-93 
0.64 

7-19 

4.87 
4.87 
4.09 

2.32 

3.49 
5.36 

0.93 
7.12 

1.04 

5-39 
3.X3 
5.10 

5-72 

4.63 
4.19 

3.64 
4.58 

4-49 

3.3X 
Z.98 

1-35 
5.60 

4.98 

6.29 
3.04 

1.27 
1.9X 

3.49 

3.80 
4.1a 
3.71 

47.20 

'         44.38 

54.87 

47-33 

40.58 

45.85 

53.13 

57-40 

44.67 

48.07 

33.48 

17.68 

29.05 

20.56 

15.95 

23.26 

35.59 

29.72 

22.28 

aS.93 

49.75 

1         39.93 

53.94 

43-44 

39.31 

50.73 

48.17 

5X.77 

49.88 

47.70 

17 
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Appendix    No,  2. 

Safe  Yield  of  the  Bronx  and  Byram  Sources. 

It  is  understood  to  be  the  opinion  in  the  Department  of  Water  Supply 
that  these  sources  can  be  relied  upon  to  furnish  20  million  gallons  per  day 
in  a  dry  year.  While  this  may  be  true  for  a  year  of  moderately  low  rainfall, 
I  am  led  to  believe  that  in  a  succession  of  dry  years,  such  as  those  from  i88i 
to  1883,  or  in  the  still  drier  series  of  three  to  live  years  which  are  almost  cer- 
tain to  come  two  or  three  times  in  a  century,  not  more  than  15  million  at 
most,  and  more  likely  not  more  than  an  average  delivery  of  14  million  gallons 
per  24-hour  day  could  be  furnished  from'  these  sources,  although  managed  in 
the  very  best  possible  manner. 

As  the  strength  of  a  chain  is  no  greater  than  its  weakest  link  and  bears 
no  relation  to  the  average  strength  of  the  several  links  or  to  the  strongest 
links,  so  the  strength  of  a  source  of  public  water  supply  is  no  greater  than 
that  of  its  weakest  year,  except  so  far  as  there  is  reservoir  capacity  to  store 
water  in  wet  years  and  carry  it  over  for  use  in  a  series  of  dry  years ;  and  the 
size  of  the  storage  volume  that  may  be  availed  of  is  limited  by  practical  con- 
siderations of  impairment  of  quality  likely  to  occur  in  a  reservoir  too  long 
drawn  down. 

My  estimate  that  the  safe  yield  is  from  14  to  15  million  gallons  is  based 
upon  the  following  da^a,  given  in  the  publications  of  the  Department  of 
Water  Supply,  mainly : 

Total  drainage  area — Bronx  river  supply 1367  square  miles. 

Byram     "         "      8.33       " 


Total 22.00 


«  « 


Storage  Capacity  and  Evaporating  Area, 

Kensico  Reservoir  capacity 1,600  million  gallons,  area  full  250  acres. 

Rye  "  "       1,300      "  "  "      "    280     " 

Byram  Lake  "       800      "  "  "      "    160     " 


Total  "       3700      "  "  "     "    690     " 


Aulliority  for  the  above  drainage  areas  and  storage  volumes  is  found  in  the  Report  of  the 
N.  Y.  Department  of  Water  Supply  for  1898. 

Authority  for  area  of  water  surface,  Wegman  on  The  Water  Supply  of  New  York,  p.  92. 
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There  are  additional  water  surfaces  within  the  watershed 
exposed  to  evaporation,  as  follows : 

Wampus  Pond about     50  acres. 

Byram  River  and  Dam '*         70       " 


Total  water  surfaces  exposed  to  evaporation "      810 


« 


Total  water  surfaces,  810  acres  =  1.27  sq.  miles  =  h?L  =  5.8  per  cent 

5.8  per  cent,  of  entire  drainage  area  is  water  surface  and  94-2  per  cent  is  land 

surface.     Net  land  surface  is  22.00 —  1.27  =  20.73  square  miles. 
This  proportion  of  evaporating  water  surface  is  slightly  larger  than  that  upon 

the  Croton  Watershed  will  be  after  the  New  Croton  Lake  is  filled  in 

1902. 

Not  all  of  the  3,700  million  gallons  of  storage  estimated  above  can  be 
utilized.  In  the  great  drought  of  1891,  before  Byram  was  added,  Kensico 
and  Rye  are  understood  to  have  been  drawn  to  the  lowest  level  practicable. 

Kensico  was  then  drawn  from  depth  of 34    feet  to  depth  of  11.42  feet. 

Rye  was  then  drawn  from  (about) 18.5  feet  to  depth  of   2.46  feet. 

Williamsbridge  was  drawn  from  (about). ...  40     feet  to  depth  of  32.50  feet. 

The  corresponding  depletions  were: 

Rye 1*350  million  gallons. 

Kensico 1,200        "  " 

Williamsbridge   2y       " 


Total  depletion 2,577 

We  are  informed  that  Byram  Lake  can  be  drawn  13 

feet,  giving 550 

For  Byram  Dam,  understood  to  contain  180  million 
gallons  when  full,  assume  that  100  millions  can 
be  drawn  out  through  tunnel  and  canal 100 


<<  it 


a  it 


Thus  giving  a  total  available  storage 3,227 


it  €t 


U  t( 


But  it  is  to  be  noted  that  the  storage  in  Byram  Lake  is  not  of  full  value, 
because  of  the  watershed  tributary  thereto  being  so  very  small  that  we  can- 
not rely  upon  it  refilling  promptly  after  being  drawn  low. 
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Obviously  the  550  million  gallons  of  Byram  Lake  storage  is  not  avail- 
able for  the  watershed  below  its  outlet,  and  we  must  compute  this  yield  in  two 
parts;  the  first  part  being  that  tributary  to  Byram  Lake  and  the  second  part 
including  all  the  rest.  If  data  were  more  complete  this  latter  part  should  be 
subdivided  into  the  area  above  the  Byram  Tunnel  and  the  area  below  it. 

Byram  Lake  Yield. 

The  geological  survey  map  shows  a  watershed  area  tributary  to  Byram 
Lake  of  only  1.25  square  miles,  of  which  the  pond  itself  occupies  20  per 
cent,  or  0.25  square  mile.  The  available  storage  volume  of  this  reservoir  is 
thus  i??.  =  440  million  gallons  per  square  mile  of  gross  area  of  its  tributary 

watershed.  The  water  surface  is  20  per  cent,  and  the  safe  yield  by  Diagram 
48  is  800,000  gallons  per  day  on  the  Sudbury  basis  and  860,000  gallons  per 
day  on  the  Croton  basis. 

Yield  Above  Byram  Diversion  Dam, 

It  is  to  be  noted  that  with  a  very  rapid  rainfall  or  a  rapid  melting 
of  snow  the  tunnel  and  channel  from  Byram  Dam  to  Kensico  Reservoir, 
although  reported  to  be  75  million  gallons  capacity  per  day,  might  not  be 
able  to  convey  all  of  the  water  from  the  seven  square  miles  of  land  surface 
in  the  drainage  area  tributary  thereto  outside  of  that  tributary  to  Byram 
Lake.  Seventy-five  million  gallons  per  24  hours  corresponds  to  a  run- 
off of  0.616  inches  in  depth  per  24  hours  from  a  drainage  area  of  seven 
square  miles;  wherefore,  with  a  rainfall  of,  for  example,  2  inches,  which  is 
very  common,  if  50  per  cent  of  this  found  its  way  into  the  river  within  24 
hours,  a  considerable  portion  would  of  necessity  be  beyond  the  capacity  of 
the  tunnel  to  convey  into  storage,  and  would  therefore  have  to  run  to  waste. 
For  the  moment  we  will  neglect  this  waste  and  will  combine  the  yield  from 
this  area  with  the  yield  tributary  to  Kensico. 

Yield  Tributary  to  Kensico,  Including  Byram  Diversion. 

The  total  available  storage  space  exclusive  of  Byram  Lake  as  per  above 
items,  aggregates  2,677  niillion  gallons  -^-  20.75  square  miles  ^129  million 
gallons  per  square  mile  of  gross  watershed. 

The  available  storage  on  Croton  Watershed  after  completion  of  Cornell 
Dam  will  aggregate  203  million  gallons  per  square  mile.  Thus  the  Bronx 
and  Byram  sources  combined  have  relatively  less  storage  than  Croton  will 
have  after  1902,  and  indeed  less  than  the  Croton  has  to-day. 
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A  small  watershed  is  almost  universally  subject  to  greater  variations 
than  a  large  watershed,  but  in  this  case  this  need  not  enter  the  computation, 
because  this  Bronx  and  Byram  source  is  used  in  connection  with  the  larger 
watershed  of  the  Croton. 

The  per  cent,  of  water  surface  on  this  area  of  Bronx  and  Byram  river, 
exclusive  of  Byram  Lake,  is  L^.  =  4.02  per  cent. 

90.75 

From  Diagram  No.  48  we  find  that  according  to  the  Sudbury  experiences 
the  safe  yield  of  a  watershed  having  129  million  gallons  storage  per  square 
mile  and  5  per  cent,  water  is  640,000  gallons  per  square  mile  per  day  x  20.75 
square  miles  =  13.3  million  gallons  per  day,  while  according  to  the  greatest 
droughts  found  in  32  years  of  observations  on  the  Croton  the  safe  yield  is 
675,000  million  gallons  per  day  x  20.75  square  miles  =  14.0  million  gallons 
per  day. 

Yield  of  Total  Bronx  and  Byram  Watersheds. 

Adding  together  the  foregoing  results  and  making  no  deduction  for  the 
occasional  waste  in  a  severe  freshet  over  the  Byram  Diversion  Dam,  we 
have — 


Million  Gallons  Per  94  Hours. 

On  Sudbury  Basis.       On  Croion  Dasis. 

Yield  of  area  tributary  to  Byram  Lake 

1.0                             1.07 
133                      «4.o 

Yield  of  area  below  Byram  Lake  and  above  Kensico 

Total  safe  yield,  Bronx  and  Byram 

14.3                            "5.07 

Rough  Check  front  Croton, 

By  simple  proportion,  from  the  Croton  safe  yield  of  275  million  gallons 
per  day  according  to  the  gross  areas  of  watershed,  the  yield  would  be 

22  square  miles  ^o      .„.  „  ,  1    ^  ^v-     • 

27s  X  -^-   ^  .,      =    16.8  million  gallons  per  24  hours,  but  this  is 

360  square  miles  ^  ^ 

plainly  too  much  if  the  rainfall  is  the  same,  because  the  storage  is  propor- 
tionately less  on  the  Bronx. 

Because  of  the  loss  that  will  sometimes  occur  because  of  waste  in  floods 
on  the  Bvram  Watershed  which  the  tunnel  cannot  deliver  into  the  Kensico 
storage,  and  in  recognition  of  the  fact  that  the  drought  of  1879-1883  was  less 
severe  on  the  Croton  than  at  some  other  points,  I  consider  that  a  continuous 
uniform  draft  of  14  million  gallons  per  24  hours  is  the  greatest  yield  that  can 
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be  relied  upon  from  the  Bronx  and  Byram  Watersheds  in  a  series  of  years  of 
extremely  low  rainfall,  with  their  present  storage  capacity.  By  the  construc- 
tion of  a  new  dam  between  Rye  and  Kensico,  as  proposed  on  page  382,  it 
would  be  practicable  to  increase  this  yield  to  about  17  million  gallons  per  day. 

Measurement  of  Delivery  of  Bronx  Conduit. 

There  is  no  Venturi  meter,  weir  or  other  device  in  use  for  measuring 
the  daily  delivery  of  the  Bronx  conduit.  So  far  as  I  can  learn  the  only  means 
of  measurement  is  by  noting  the  difference  of  elevation  of  water  surface 
between  the  Kensico  Reservoir  and  the  Williamsbridge  Reservoir,  and  com- 
puting the  flow  by  the  ordinary  hydraulic  formula,  assuming  that  the  gates 
are  wide  open. 

Mr.  Birdsall  tells  me  he  has  occasionallv  obtained  a  check  measurement 
by  noting  the  rate  at  which  the  Williamsbridge  Reservoir  would  refill  from 
this  Bronx  conduit.  The  gates  on  this  conduit  are  understood  to  have  been 
kept  wide  open  all,  or  nearly  all,  of  the  time  during  the  past  year. 

From  a  study  of  the  records  of  reservoir  heights  it  appears  that  the  gross 
head  acting  on  the  Bronx  conduit  pipe  to  produce  flow  has  averaged  from 
50  to  53  feet,  rarely,  as  on  August  i,  1899,  reaching  60  feet.  With  both 
reservoirs  even  full  the  fall  is  50  feet.  The  length  of  this  conduit,  which  is  of 
ordinary  48-inch  cast-iron  pipe,  is  stated  to  be  15.2  miles. 

There  is  said  to  be  no  obstruction  at  entrance  or  exit  except  a  ^-inch 
screen  at  inlet  and  a  2-inch  screen  at  outlet. 

The  pipe  was  put  in  service  in  1884,  and  we  may  assume  that  it  is  now 
in  substantially  the  same  condition  as  the  Rosemary  pipe  when  experimented 
on  by  Mr.  Fitzgerald  before  cleaning,  after  twenty  years'  use. 
The  Rosemary  Pipe,  48-inch  diameter,  had — 

Coefficient  of  flow  in  Chezy  formula,  when  clean C  =  141. 

Coefficient  of  flow  in  Chezy  formula,  when  foul C  =  109. 

With  same  coefficients  I  compute  that  when  Bronx  pipe  was  new  and 
both  reservoirs  full,  fall  then  being  just  50  feet,  the  delivery  was  probably 
27.4  million  gallons  per  24  hours.  At  present  the  delivery  is  probably  22.0 
million  gallons  per  24  hours  under  the  same  conditions;  that  is  with  a  fall 
of  50  feet. 
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Hourly  Variation  in  Consumption  of  Croton  Water. 
Night  Consumption  as  an  Index  of  Waste: 

This  investigation  was  made  because  it  afforded  the  best  available 
means  of  estimating  the  proportion  of  New  York's  water  supply  which  is 
actually  used  in  distinction  from  the  portion  wasted. 

The  results  indicate  that  out  of  115  gallons  per  inhabitant  per  day,  not 
more  than  40  gallons  are  used  and  not  less  than  75  gallons  wasted.  It  must 
be  remembered  that  this  is  from  but  a  single  series  of  measurements  covering- 
only  two  weeks,  and  that  during  these  two  weeks  some  unknown  cause  may 
have  interfered  with  the  accuracy  of  the  measurements,  yet  after  carefully 
studying  the  situation,  I  can  find  so  far  no  reasonable  ground  for  distrusting 
this  determination,  but  find  many  facts  to  confirm  it. 

The  record  of  draft  resulting  from  these  measurements,  plotted  in  the 
lower  curve  of  Figures  5  and  6  and  in  Figure  54,  is  analogous  to  the  curve 
registered  by  the  Deacon  meter  in  the  Deacon  system  of  water  waste  preven- 
tion, but  is  a  more  sharply  defined  measurement. 

Having  first  determined  the  varying  quantity  drawn  from  hour  to  hour 
by  any  convenient  method  of  measurement,  the  inference  as  to  the  proportion 
used  and  the  proportion  wasted  is  based  on  the  broad,  general  experience 
that  the  real  use  of  water  in  the  hours  after  midnight,  when  most  people  are 
asleep,  most  factories  idle  and  most  stores  and  offices  empty,  or  more  espe- 
cially between  2  and  4  a.  m.,  is  very  small  in  comparison  with  the  use  during 
the  hours  of  daylight ;  particularly  so  after  midnight  on  Sunday  when  factory 
tanks  and  house  tanks  have  had  ample  time  to  become  replenished  under  the 
higher  pressure  of  Sunday.  In  most  cities  the  amount  of  water  drawn  from 
the  distribution  pipes  between  2  and  4  a.  m.  may  be  fairly  assumed  to  consist 
almost  entirely  of  leakage  and  waste;  this  fact  is  the  basis  of  all  work  in  waste 
prevention  with  the  Deacon  meter  which  has  been  so  remarkably  successful 
in  Liverpool  and  Glasgow.  This  assumption  has  been  proved  correct  in  a 
larsre  American  commercial  citv  bv  the  careful  work  with  the  Deacon  meter 
system  carried  on  for  many  years  in  Boston,  under  the  supervision  of  Dexter 
Brackett,  C.  E.,  and  in  numerous  investigations  into  water  waste  made  in 
other  cities.     But  it  does  not  need  meters,  or  tests,  or  records  to  prove  what 
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everybody  will  admit;  that  in  19  households  out  of  20  no  water  is  drawn  for 
use  between  2  and  4  a.  m.,  and  that  not  one-tenth  as  many  workmen  work  by 
night  as  by  day,  that  not  one  business  office  or  store  in  one  hundred  is  doing 
business  at  these  hours.  Common  sense  and  every  day  experience  indicate 
that  the  real  rate  of  draft  of  water  for  tise  through  faucets  and  stop-cocks  is 
not  one-tenth  part  so  great  from  2  to  4  a.  m.  as  from  7  a.  m.  to  7  P.  M. 

The  only  questions  that  can  cause  doubt  about  the  night  consumption  in  New  York  from 
2  to  4  A.  M.,  being  almost  wholly  waste,  are  : 

1st.  Under  the  present  conditions  existing  in  New  York,  with  tall  buildings,  feeble  water 
pressure  and  some  of  the  pipes  small,  and  with  the  consequent  large  use  of  house  tanks  and  house 
pumps,  may  it  not  be  that  the  refilling  of  these  tanks  is  largely  done  at  night  ? 

There  are  two  main  classes  of  house  tanks,  those  in  domestic  and  those  in  commercial  or 
manufacturing  buildings  ;  or  they  may  be  divided  on  another  line — those  filled  by  gravity  and 
those  filled  by  pumping.  The  domestic  gravity  house  tanks  in  the  high  service  district  are  largely 
drawn  down  by  day  and  refilled  by  night,  but  from  discussing  this  question  with  leading  plumbers 
and  from  general  considerations  it  appears  probable  that  the  most  of  these  are  refilled  before  mid- 
night or  soon  after.     The  house  tanks  filled  by  pumping  are  mainly  filled  by  day. 

A  canvass  made  of  a  large  number  of  representative  commercial,  manufacturing  and  other 
buildings,  and  by  conference  with  building  superintendents  and  engineers  familiar  with  the  current 
practice  in  New  York,  proves  conclusively  that  the  almost  universal  custom  is  to  keep  these  tanks 
nearly  full  by  pumping  during  the  day  and  to  rarely,  if  ever,  do  any  pumping  after  midnight,  or 
before  6  a.  m.  Many  pumps  were  found  to  be  fitted  with  automatic  regulators  which  started  the 
pump  whenever  the  tank  was  drawn  down. 

2d.  May  there  not  be  in  New  York  special  uses  for  large  quantities  of  water  at  night  in  special 
lines  of  industry  ? 

A  visit  to  certain  large  power  stations  brings  evidence  that  their  hourly  draft  of  water  alter 
midnight  is  only  twenty  per  cent,  of  the  rate  of  draft  by  day.  Among  offices  and  commercial 
buildings,  the  main  telegraph  offices  and  the  large  newspaper  offices  were  the  principal  large  night 
users  found,  also  certain  breweries ;  but  if  the  total  use  by  all  these  establishments  be  added 
together  and  reduced  to  the  per  capita  of  population,  the  figure  is  so  small  as  to  have  no  weight 
in  the  present  discussion.  I  have  been  unable  to  learn  of  special  industries  demanding  any 
uncommonly  large  quantities  of  water  by  night. 

Indeed,  bearing  in  mind  that  by  the  records  of  the  City  Water  Register  and  the  statement  of 
the  Water  Commissioner,  the  total  per  capita  consumption  for  commercial  and  manufacturing 
purposes  is  only  24  gallons,  if  we  assumed  the  night  rate  from  12  to  6  at  the  high  figure  of  one- 
third  the  mean  rate  (which  is  surely  too  large),  it  gives  only  8  gallons  out  of  the  14  to  19,  which 
it  will  be  seen  later  that  I  have  allowed  for  use  at  night. 

3d.  May  not  the  habit  of  late  hours  in  New  York  increase  the  draft  of  water  for  use  late  at 
night  ? 

While  late  hours  are  kept  by  many  in  New  York,  the  great  mass  of  the  people  are  working 
people  who  rise  early  and  retire  early,  and  do  not  draw  water  for  use  between  2  and  4  A.  M. 

The  main  uncertain  element  is  the  domestic  gravity  house  tank,  and  for  a  possible  late  hour 
in  refilling  these  I  have  allowed  very  liberally  in  calling  the  night  possibly  19  gallons  instead  of 
4  per  capita,  for  it  can  be  demonstrated  that  if  we  multiply  the  average  size  by  the  probable 
number,  and  then  make  any  reasonable  assumption  as  to  the  hours  between  which  they  are 
refilled,  their  possible  capacity  as  a  factor  for  equalizing  the  day  and  night  flow  will  still  be  very 
small  in  comparison  with  the  Central  Park  reservoirs. 
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Having  thus  demonstrated  that  the  rate  of  consumption  of  water  between 
the  hours  of  2  and  4  a.  m.  is  a  fair  index  to  the  waste  of  water  from  leaks  in 
pipes  and  fixtures,  percolation  from  earth  reservoirs  or  any  other  constant 
leakage,  the  next  question  is  of  the  proper  measurement  of  this  actual  rate  of 
consumption  from  hour  to  hour. 


Method  of  Measurement  of  the  Variation  in  Consumption  of  Croton  Water  at 

Different  Hours  of  the  Day, 

After  a  careful  study  of  possible  methods  of  determining  this  consump- 
tion in  Croton  water  in  the  hours  after  midnight  by  the  insertion  of  Pitot  tube 
velocity-meters  in  certain  of  the  main  pipes,  or  of  estimating  it  by  the 
indications  of  recording  pressure-gauges  set  in  various  parts  of  the  city,  the 
simplest  and  best  method  by  far,  appeared  to  be  that  of  measuring  the  fluctu- 
ation in  the  Central  Park  Reservoirs.  All  of  the  Croton  water  was  at  this 
time  coming  to  New  York  through  the  New  Croton  Aqueduct.  The  rate  of 
delivery  of  the  aqueduct  is  constant  and  uniform  to  a  very  remarkable 
degree.  This  flow  in  the  aqueduct  is  regulated  solely  by  the  gates  at  the 
Croton  Dam,  which  gates  are  so  readjusted  whenever  the  water  level  in 
Croton  Lake  changes  that  a  constant  depth  of  flow,  varying  rarely  one- 
fourth  of  an  inch,  or  one-tenth  of  one  per  cent.,  for  weeks  at  a  time,  is  main- 
tained in  the  aqueduct.  This  point  where  the  flow  is  thus  measured  into 
aqueduct  being  thirty-three  miles  away  from  Central  Park,  and  about  35  feet 
above  it  in  elevation,  the  rate  of  flow  in  the  aqueduct  is  not  changed  to  any 
perceptible  degree  by  any  ordinary  variation  in  height  of  water  at  Central 
Park.  The  rate  of  this  deliver^'  of  the  New  Aqueduct  in  gallons  per  24  hours 
is  commonly  estimated  from  the  depth  of  water  admitted  into  the  aqueduct 
at  Croton  Dam,  but  at  about  the  time  of  these  experiments,  a  gauging  of  the 
flow  in  the  New  Aqueduct  was  made  by  Mr.  F.  W.  Watkins,  Assistant 
Engineer,  Aqueduct  Commissioners  (sec  Table  No.  17,  p.  173,  Appen- 
dix No.  i),  which  gives  us  the  rate  of  delivery  of  the  aqueduct  during  the 
experiments  now  under  discussion  with  more  than  ordinary  accuracy. 

The  Central  Park  Reservoirs  serve  as  an  equalizer  between  the  demands 
of  the  distribution  system  and  the  delivery  of  the  aqueduct,  and  commonly 
rise  about  3  inches  during  the  night  while  the  draft  is  less,  and  fall  a  similar 
amount  under  the  heavier  draft  of  the  daytime;  so  our  method  consisted 
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simply  in  measuring  with  the  greatest  practicable  accuracy  the  rate  of  its 
rise  or  fall  in  each  hour  of  the  twenty-four. 

The  combined  area  of  the  three  reservoirs  being  about  123  acres  and 
the  change  of  level  so  slight,  it  was  feared  that  waves  caused  by  the  wind  or 
other  disturbances  might  interfere  with  our  measurements.  An  earnest 
eflfort  was  therefore  directed  toward  making  these  measurements  with  pre- 
cision and  frequency.  At  the  large  reservoir  a  portable  hook-gauge  was 
used,  and  a  staging  arranged  so  that  the  observer's  eye  could  be  near  the 
water  surface  and  a  position  chosen  as  free  from  wave  interference  as  prac- 
ticable. The  first  series  of  observations  were  from  Saturdav  noon,  Decem- 
ber  2,  to  Monday  noon,  December  4,  and  were  made  for  the  purpose  of 
learning  the  Sunday  minimum  and  to  get  the  general  run  of  the  fluctuations 
and  to  test  the  method.  Two  observers,  working  in  12-hour  shifts,  took  con- 
tinuous observations  at  3-minute  and  6-minute  intervals.  A  station  was 
selected  inside  the  main  gate-house  at  the  New  Reservoir,  and  during  this 
preliminary  test  the  Old  Reservoir  was  not  observed,  it  being  assumed  that 
connected  as  they  were,  both  reservoirs  would  rise  and  fall  at  substantially 
the  same  rate,  or  that  the  ratio  of  one  to  the  other  could  be  subsequently  deter- 
mined. 

This  location  for  the  hook  gauge  adopted  in  the  preliminary  test  was 
open  to  the  possible  criticism  of  there  being  a  slight  current  between  the 
reservoir  and  the  point  of  observation,  which  was  in  the  large  open  gate- 
chamber  supplying  the  suction  pipes  for  the  Ninety-eighth  street  high  service 
station,  but  care  was  taken  to  note  that  the  gates  between  this  chamber  and 
the  reservoir  were  wide  open,  and  that  the  screens  were  clean  and  that  the 
minimum  area  of  opening  between  the  reservoir  and  this  gate-chamber  was 
75  square  feet,  while  the  area  of  the  two  outlet  pipes  was  only  14  square  feet, 
and  that  the  maximum  rate  of  draft  through  these  chambers  and  passages 
was  about  25  million  gallons  per  24  hours  =  38.6  cubic  feet  per  second, 
which  would  cause  a  velocity  of  flow  of  only  0.52  feet  per  second  through 
this  minimum  area.  The  head  due  this  maximum  velocity  is  only  0.004  foot, 
and  the  variations  in  this  head  must  have  been  entirely  inappreciable  except 
for  the  six  hours  on  Saturday  afternoon,  December  2,  while  pumps  were 
stopped.  Subsequently  measurements  and  comparisons  proved  that  obser- 
vations inside  this  gate-chamber  give  heights  that  accurately  represented  the 
change  of  level  in  the  reservoir  outside  of  the  gate-house. 

In  the  second  and  more  complete  series  of  observations  from  which  the 
main  curve  of  Diagram  No.  5  is  drawn,  and  which  was  continued  for  seven 
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days  at  6-minute  intervals  continuously,  day  and  night,  error  in  measure- 
ments of  water  level  of  the  New  Reservoir  were  guarded  against  by  selecting 
four  different  points  from  which  check  measurements  were  taken;  one  of 
these  points  being  in  a  stillbox  specially  constructed  for  these  observations, 
located  outside  the  gate-house,  submerged  directly  in  the  reservoir,  and  con- 
sisting of  a  wooden  box  of  about  1.5  square  feet  sectional  area,  communicat- 
ing with  the  reservoir  through  a  i-inch  hole.  These  check  observations, 
taken  at  least  once  an  hour,  served  also  to  relieve  the  monotony  of  con- 
tinually observing  the  same  gauge  and  to  break  up  the  continuance  of  any 
possible  misreading. 

In  this  second  series,  which  ran  from  December  9  to  December  16, 
inclusive,  four  observers  worked  two  at  a  time  in  12-hour  shifts,  and  obser- 
vations of  the  height  of  water  in  each  of  the  two  divisions  of  the  Old  Reser- 
voir were  also  taken  at  6-minute  intervals,  the  measurements  at  the  Old 
Reservoir  being  made  upon  scales  graduated  to  hundredths  of  a  foot  set 
in  stillboxes  submerged  one  in  each  of  the  two  divisions  of  the  reservoir  at 
a  point  near  their  common  overflow.  No  water  wasted  over  either  overflow 
during  any  of  these  experiments.  No  ice  formed  on  the  surface  of  the  reser- 
voirs or  in  the  stillboxes  at  any  time.  For  about  one-half  of  the  time  during 
these  observations  there  was  very  little  wind,  and  the  opportunity  was  excel- 
lent for  a  very  close  measurement  of  the  surface,  but  on  part  of  the  remaining 
time  there  were  considerable  wind  oscillations,  but  the  use  of  the  stillbox, 
with  the  precision  of  the  measurements  possible  with  the  gauge,  is  found 
to  have  given  very  concurrent  results.  The  computations  for  the  first  series 
are  not  included  in  the  following  sheets,  but  the  result  is  plotted  upon  the 
same  diagram  with  the  other  (Fig.  5). 

The  results  of  these  two  sets  of  observations,  taken  a  week  apart,  confirm 
each  other  remarkably,  and  the  difference  between  the  two  lines  Saturday 
afternoon,  December  2,  compared  with  Saturday  afternoon,  December  9,  is 
fully  accounted  for  by  the  fact  that  on  the  afternoon  of  December  2,  the 
Ninety-eighth  street  high-service  pumps  were  shut  down.  The  excess  on 
Sunday,  December  3,  of  this  line  over  the  line  for  Sunday,  December  10,  is 
similarly  accounted  for  by  the  refilling  of  the  high-service  reservoir  then 
taking  place,  while  the  pumps  were  run  at  more  than  their  ordinary  speed  for 

that  time  of  dav  on  Sunday. 

The  fluctuation  of  height  in  the  high-service  reservoir  was  not  regularly 
observed  during  these  experiments  except  throughout  one  day.  Its  area 
is  only  about  one  acre,  whereas  the  Central  Park  Reservoirs  contain  about 
123  acres  of  water  surface.    Therefore,  any  possible  rise  and  fall,  other  than 
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from  Saturday  noon,  December  9,  to  Sunday,  December  10,  could  not  have 
materialfy  affected  the  measurements.  To  test  this  a  computation  was  made 
from  the  24  hours'  observations  on  high  service  fluctuations  mentioned 
above. 

It  may  appear  that  the  foUowini;  records  were  hardly  worth  publishing  in  detail,  but  as 
question  is  likely  to  be  raised  concerning  the  method,  it  has  appeared  best  to  present  the  data 
very  fully  for  the  Central  Park  observations. 

The  Brooklyn  records  are  not  reproduced.  They  were  worked  up  by  substantially  the  same 
method,  except  that  here  the  variable  pump  delivery  had  to  be  very  carefully  observed. 

The  hourly  records  from  the  Fall  River  and  Woonsocket  observations,  similarly,  are  not 
reproduced,  but  followed  very  much  the  same  methods. 
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Rate  of  Consumption  of  High  Service  Water  in  Manhattan. 

The  pump  records  taken  at  the  end  of  each  eight  hour  shift  of  the  engine- 
men  were  copied  and  show  the  pumping  of  high  service  w-ater  to  have  been 
normal  all  of  the  time  covered  by  these  measurements  except  for  the  Satur- 
day and  Sunday  already  noted. 

It  was  intended  to  also  determine  the  curve  of  hourly  variation  in  con- 
sumption for  the  high  service,  and  arrangements,  properly  authorized  by 
Mr.  Birdsall,  Chief  Engineer  of  the  Department  Water  Supply,  were  made 
for  securing  the  reading  of  each  engine  counter  at  the  beginning  of  every 
hour.  These  arrangements  were  broken  up  by  a  subordinate  of  the  Water 
Department,  who  ordered  counter  readings  discontinued,  through  a  mis- 
understanding. The  brief  series  of  complete  observations  indicate  such 
anomalous  relations  in  day  and  night  consumption  of  high  service  as  lo 
demand  further  investigation  than  I  have  found  time  to  make.  The  com- 
plete investigation  would  require  examination  into  slip  of  pumps,  into  the 
partial  closing  of  gates  in  the  high  service  distribution  pipes,  that  has, 
according  to  my  information,  been  executed  for  the  purpose  of  lessening 
the  pressure  and  so  checking  the  consumption,  and  there  should  be  made 
also  an  approximate  census  of  consumers,  number  of  taps  and  number  of 
meters  in  the  high  service  district.  So  far  as  1  can  learn,  nothing  of  this  kind 
now  exists.  This  would  have  been  a  work  beyond  the  scope  of  my  instruc- 
tions. Such  roughly  approximate  figures  as  I  have  obtained  regarding  the 
high  service  consumption  indicate  a  surprisingly  high  average  consumption 
per  capita,  and  an  unusually  high  rate  of  draft  at  night;  the  rate  of  draft 
from  2  to  4  A.  M.  being  not  far  from  90  per  cent,  of  the  mean  draft  for  the 
24  hours.  These  figures  are  so  large  as  to  suggest  a  more  complete  investi- 
gation before  accepting  them  as  giving  the  real  draft  of  high  service  water 
at  night,  although  without  doubt  the  present  severe  shortage  of  water  by 
day  in  the  high  service  district  necessitating  the  large  use  of  house  tanks, 
to  be  filled  at  night  w^hen  the  pressure  is  high,  causes  the  night  draft  to  con- 
tinue larger  than  would  otherwise  be  the  case,  until  such  hour  as  these 
tanks  are  refilled. 

There  is  something  unaccountable  in  the  large  high  service  draft.  It 
would  be  profitable  for  the  Water  Department  to  not  only  follow  up  care- 
fully this  matter  of  consum])tion  of  high  service  water,  but  to  make  such 
experiments  upon  the  rate  of  low  service  draft  in  different  parts  of  the  city  as 
could  be  done  by  a  manipulation  of  the  main  distributing  gates,  such  as 
w^ould  throw  first  one  district  and  then  another  on  to  the  Old  Reservoir  in 
Central  Park  for  its  supply,  and  thus  permit  its  fluctuation  of  draft  to  be  noted. 
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Conclusions  Drawn  from  these  Central  Park  Experiments. 

Returning  again  to  the  measurement  of  rate  of  draft  from  hour  to  hour 
by  the  Borough  of  Manhattan  as  a  whole,  I  can  find  in  the  observations  them- 
selves or  in  the  arrangement  of  gates  and  conduits  no  ground  for  discrediting 
the  indication  of  these  experiments,  that  with  an  average  rate  of  draft  of  115 
gallons  per  24-hour  day: 

The  rate  of  draft  from  2  to  4  A.  M.,  was  never  less  than. .     90  gallons  per  inhabitant  per  24  hours. 

And  averaged 94 

While  the  highest  rate  of  draft  reached  during  working 
hours  was 137 
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Thus  the  excess  of  consumption  in  the  most  active  hour  of  the  day  was 
found  to  be  only  43  gallons  above  that  in  the  most  quiet  hour  of  the  night. 

Late  on  Sunday  night,  or  rather,  very  early  on  Monday  morning,  we  would  expect  the  con- 
sumption to  be  at  its  minimum,  for  at  that  time  domestic  use  will  be  almost  nothing,  factories 
will  be  idle,  house  tanks  and  factory  tanks  will  nearly  all  have  become  refilled  through  the  higher 
water  pressure  of  Sunday,  and  almost  the  only  legitimate  uses  that  can  be  thought  of  are  the  com- 
paratively few  newspaper  and  telegraph  offices,  the  filling  of  a  few  steam-heating  boilers  in  office 
buildings,  etc.,  a  small  quantity  for  electric-light  stations  and  a  little  for  hospitals,  or  for  an  occa- 
sional household  in  which  there  is  sickness ;  but  even  in  these  instances  the  use  will  be  much 
smaller  than  on  the  same  premises  by  day. 

From  2  to  4  A.  m.  on  Monday,  December  4,  and  in  the  same  hours  on  Monday,  December  11, 
1899,  we  find  the  measurements  t^ree  most  remarkably  in  showing  a  draft  at  the  rate  of  94  gallons 
per  inhabitant  per  24  hours.  The  fact  that  this  rate  is  the  same  as  on  other  nights  indicates  that 
the  tanks  in  commercial  buildings  and  factories  do  not  fail  to  get  full  before  2  a.  m.  on  other 
nights  than  Sunday,  or  that  there  is  no  special  industrial  or  commercial  use  through  the  week  at 
from  2  to  4  A.  M.  different  from  that  on  Sunday. 

We  would  hardly  expect  on  general  principles  or  in  comparison  with 
other  cities,  taking  the  city  as  a  whole,  that  the  total  rate  of  draft  for  real 
use  at  this  quietest  hour  of  the  night  would  be  more  than  10  per  cent,  of  the 
increase  of  the  most  extreme  day  use  over  the  smallest  rate  of  night  use — 
10  per  cent,  of  43  is  4  gallons,  which,  deducted  from  the  94,  leaves  90 
gallons.  But  the  night  use  is  without  doubt  larger  in  New  York  than  in 
most  other  cities,  and  there  are  doubtless  some  tanks  in  the  high  service 
district  especially  which  do  not  get  refilled  until  after  this  hour. 

There  is,  perhaps,  a  possibility  that  I  was  misinformed  as  to  the  connection  being  closed 
between  the  L^roton  high  service  and  the  Williamsbridge  distribution  pipes,  or  possibly  the 
volume  from  High  Service  going  back  across  the  Harlem  as  given  me  by  the  Water  Department 
officials  may  have  been  under-estimated,  but  on  carefully  reviewing  all  these  chances  the  proof 
is  positive  that  the  error  from  these  sources  was  not  large. 

To  allow  for  all  these  and  to  further  apply  all  margin  of  uncertainty 
from  lack  of  precision  of  measurement  in  the  direction  of  letting  the  use 
appear  large  rather  than  to  run  any  risk  of  exaggerating  the  leakage,  I  will 
call  the  night  use  from  2  to  4  a.  m.  at  the  rate  of   19  gallons   per  capita. 
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Deducting  this  use  from  the  total  rate  of  night  consumption  of  94  gallons, 
there  is  left,  as  the  probable  rate  of  waste  of  water  at  night  in  the  Borough 
of  Manhattan,  75  gallons  per  inhabitant  per  24  hours.  This  waste  is  of  the 
kind  that  continues  at  a  uniform  rate  throughout  the  24  hours,  and  in 
addition  to  this  is  the  careless  waste  by  day  from  leaving  cocks  open 
unnecessarily. 

From  this  75  gallons  deduct  an  allowance  for  incurable  waste  of  10 
gallons  per  inhabitant,  and  there  is  left  65  gallons  per  inhabitant  per  day  of 
constant  waste  that  could  probably  be  cured. 

As  already  stated,  the  result  of  these  measurements  show  that  one-third 
of  the  supply  is  used  while  two-thirds  of  the  whole  is  wasted. 

Incurable  Waste. 

A  considerable  part  of  this  waste  of  75  gallons  per  inhabitant  per  day 
is,  as  a  matter  of  practical  water-works  operation,  absolutely  incurable, 
escaping  probably  through  very  minute  cracks  in  various  of  the  half  million 
pipe  joints  under  ground,  in  so  small  a  quantity  at  each  joint  as  to  neces- 
sarily escape  attention. 

Granting  equally  efficient  work  of  the  caulkers  in  the  pipe  laying  gang 
in  one  city  and  another,  we  should  expect  that  this  leakage  through  joints 
and  microscopic  cracks  would  be,  for  a  given  pressure,  substantially  in  direct 
proportion  to  the  pipe  diameters  and  the  number  of  miles  in  length  of  the 
whole  system  of  distribution  pipes,  and  since  New  York  contains  a  much 
larger  population  per  mile  of  pipe  than  the  average  city,  this  joint  leakage 
should  be  proportionally  less. 

In  certain  cities  where  all  water  distributed  is  metered  in  bulk,  and 
w^here  there  is  also  a  meter  on  substantially  every  tap,  as  for  example,  in  Fall  ' 
River  and  Woonsocket,  it  has  been  found  possible  to  reduce  this  incurable 
leakage  to  12  gallons  per  inhabitant  per  day.*  Making  allowance  for  the 
greater  population  per  mile  of  pipe,  it  would  appear  that  in  Manhattan  it 
should  be  possible  to  reduce  this  incurable  waste  to  5  gallons  per  inhabitant 
per  day,  but  in  view  of  the  crowded  and  disturbed  condition  of  many  streets, 
the  dangers  of  electrolysis,  etc.,  I  have,  at  the  bottom  of  Diagram  No.  2, 
drawn  the  line  for  the  limit  of  incurable  waste  at  10  gallons  per  inhabitant 
per  day,  leaving  a  space  on  the  diagram  representing  65  gallons  per  inhab- 
itant per  day,  which  represents  the  needless  waste. 

To  stop  all  of  this  65  or  70  gallons  of  needless  waste  per  inhabitant  is 

*  In  Milton,  Mass..  on  20  miles  of  pipes,  careful  stady  of  night  flow,  by  closing  gates  and  supplying  sections 
through  by-pass  meters,  is  reported  to  have  reduced  this  to  an  almost  inappreciable  amount — say  i  gallon  per 
capita  or  even  less. 
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difficult  and  would  require  a  meter  on  every  tap,  an  elaborate,  wisely  admin- 
istered inspection  system,  and  great  promptness  in  the  execution  of  repairs, 
and  a  great  deal  of  costly,  painstaking  preliminary  investigation,  and  prob- 
ably would  also  require  the  relaying  of  many  miles  of  pipe  and  many  thou- 
sand service  pipes.  /  believe  that  this  great  saving  would  be  entirely  practicable 
if  public  opinion  would  demand  and  support  the  necessary  administration. 

For  the  purpose  of  illustrating  that  the  condition  of  waste  and  use 
shown  in  Diagram  No.  5  agrees  in  a  general  way  with  results  obtained  else- 
where, I  have  had  Figure  No.  8  prepared,  showing  similar  curves 
of  hourly  variation  in  consumption  of  water  obtained  by  Mr.  Dexter  Brackett 
with  the  Deacon  meter  in  Sections  i  and  12,  Charlestown  District,  Boston,  in 
the  year  1881,  and  have  also  shown  in  the  lower  line  of  Figure  No.  4,  the 
corresponding  curve  of  use  and  waste  for  the  same  districts  after  six  months' 
careful  work  with  the  Deacon  meter  and  house-to-house  inspection.  Each 
of  these  two  Charlestown  Districts  was  a  little  less  than  equivalent  to  a  square 
of  1,000  feet  on  a  side,  and  contained  a  population  averaging  about  2,500 
persons  each,  or  each  of  these  Deacon  meter  districts  represented  less  than 
the  one-thousandth  part  of  the  population  whose  consumption  and  waste  of 
water  is  to  be  studied  in  Greater  New  York.  Their  records  are  extremely 
valuable,  however,  as  showing  that  the  method  followed  in  estimating 
the  waste  from  a  curve  like  that  of  Diagram  No.  3  was  correct.  In  these 
efforts  at  waste  prevention  in  Boston  in  1881,  in  Section  No.  12  of  the 
Charlestown  District,  a  night  rate  of  55  gallons  per  inhabitant  found  in  June 
was  reduced  to  12.5  gallons  per  inhabitant  in  November  by  the  repair  of 
about  125  leaky  fixtures  in  houses,  the  repair  of  leaky  service  pipes,  the  pre- 
vention possibly  of  some  few  cases  of  deliberate  waste,  and  the  saving  of  a 
small  quantity  leaking  from  defective  mains. 

The  total  daily  consumption  of  115  gallons  per  inhabitant  per  day  is 
so  well  established  by  the  Aqueduct  gaugings  that  it  is  not  open  to  doubt. 

The  figure  of  75  gallons  for  waste  is  confirmed  by  noting  that  on  sub- 
tracting this  from  115  there  is  left  for  actual  use  40  gallons  per  inhabitant 
per  day,  which  is  confirmed  as  reasonable  by  adding  the  metered  water 
used  for  manufacturing  and  commercial  purposes  to  the  probable  per  capita 
use  for  domestic  purposes  and  the  probable  use  in  public  buildings. 

The  meter  records  compiled  in  Table  No.  4  show  that  the  total  use 
of  metered  water  in  Manhattan  and  The  Bronx  averages  24  gallons  per 
inhabitant  per  day. 

Water  Commissioner  Dalton,  page  9,  Report  for  1898,  states  that  he  is 
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informed  that  the  35,442  meters  cover  every  place  where  water  is  used  to 
any  considerable  extent  for  other  than  domestic  purposes. 

I  am  informed  that  there  are  a  good  many  meters  on  hotels,  some  large 
tenements  and  apartment  houses  and  on  some  of  the  large  private  residences. 
These  measure  water  that  should  properly  be  charged  to  domestic  supply — 
enough  probably  to  offset  the  under-registry  of  all  the  meters.  Moreover, 
some  of  the  water  that  is  metered  and  paid  for  is  doubtless  wasted. 

If  from  the  average  total  aqueduct  delivery 

of 115  gallons  per  capita  per  day 

we    deduct   for   leakage,    curable    and 

incurable   75 

and  also  deduct  the  total  metered  water    24 

for  probable  public  use       3 

102 
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This  leaves  for  the  domestic  use  only 13 

apart  from  all  waste.  

— which  may  be  surprisingly  small,  but  is  not  unreasonably  so,  in  view  of  the 
actual  domestic  consumption  found  in  those  cities  in  which  substantially  all 
the  taps  are  metered  and  an  account  kept  of  the  metered  domestic  consump- 
tion apart  from  the  rest. 

The  following  are  examples  : 

In  Fall  River  in  1891,  the  average  consumption  of  70,000  inhabitants, 

as  shown  by  meter  readings,  was 11.2  gals,  per  capita  per  day. 

In  Fall  River  in  1899  the  average  consumption  of  100,000  inhabit- 
ants as  kindly  compiled  for  me  in  the  Water  Registrar's  office 
by  adding  up  the  domestic  meter  readings,  was 14.6  " 

In  Woon socket,  R. I.,  the  average  domesiic  consumption  oi  about 

27,500  inhabitants,  as  very  kindly  compiled  for  me  from  the 

meter  readings  by  Mr.  Byron  Cook,  Superintendent,  was, 

In  1899 14. 1 

In  1898 13.4 

In  Worcester,  Mass.,  for  the  year  1809,  the  total  drawn  through 

domestic  meters  by  a  population  ot  I  I2,ood  averaged 14.0 

In  Worcester  in  1892  it  averaged 16.8 

These  figures  on  domestic  consumption  per  capita  from  Fall  River,  Woonsocket  and  Wor- 
cester included,  in  addition  to  the  real  use,  such  leakage  as  a  man  permits  to  continue  when  he 
has  a  water  meter  in  the  cellar  to  quicken  his  memory  and  his  interest  in  the  repair  of  leaks. 

A  careful  analysis  of  meter  readings  on  many  hundred  houses,  made 
by  Mr.  Dexter  Brackett  while  engaged  in  investigations  prelimin- 
ary to  the  work  of  the  Massachusetts  Metropolitan  Water  Board, 
showed  that  the  per  capita  consumption  of  water  was  very  much 
smaller  in  the  houses  of  the  poor,  or  the  houses  with  a  single 
faucet,  than  in  the  houses  of  the  well-to-do  or  wealthy.  For 
example,  the  average  of  619  families  in  Newton,  Mass.,  in  the 
cheapest  grade  of  houses  having  but  a  single  faucet  each,  showed 
an  average  consumption  of  only 7.    gals,  per  capita  per  day. 
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The  average  of  148  families  in  Fall  River,  in  an  average  grade  of 

house    having    commonly    a    bath-tub    and    a    water-closet, 

averaged 8.4  gals,  per  capita  per  day. 

The  average  of  339  apartment-houses  in  Boston  supplied  through 

meters  showed 35.6 

While  31  high-cost  apartmeni-houses  showed  an  average  consumption 

through  meters  of 59. 
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In  studying  average  values  or  the  readings  of  sample  meters,  where 
every  tap  throughout  the  city  is  not  metered,  there  is  danger  that  due  weight 
will  not  be  given  to  the  preponderance  in  number  of  the  class  of  inhabitants 
who,  apart  from  waste,  use  small  quantities  of  water. 

From  all  of  the  foregoing  illustrations  it  appears  that  the  average  of 
13  gallons  per  capita  indicated  by  the  computation  on  page  28  is  not  entirely 
unreasonable. 


The  soundness  of  the  above-described  method  for  determining  this 
hourly  variation  in  the  consumption  of  water  is  grounded  in  the  following 
propositions : 

1st.  The  New  Croton  Aqueduct  was  supplying  all  of  the  water  that  fed  the  distribution  pipes 
on  Manhattan  Island  and  supplied  it  with  almost  absolute  uniformity  of  flow. 

2d.  The  only  equalizing  basins  large  enough  to  affect  the  measurement  appreciably  between 
the  outlet  of  the  oqueduct  and  the  consumers'  taps  are  the  reservoirs  in  Central  Park. 
The  Central  Park  reservoirs  were  in  very  free  communication  with  the  aqueduct. 

3d.  Substantially  all  of  the  water  which  the  aqueduct  delivered  in  excess  of  the  rate  of  con- 
sumption went  into  Central  Park  Reservoirs  (It  had  no  other  place  to  go). 

All  of  the  excess  of  draft  at  any  hour  over  supply  came  from  the  Central  Park  Reservoirs  (there 
was  no  other  place  it  could  come  from). 

Thus  it  made  little  difference  whether  or  not  some  of  the  water  was  diverted  into  the  distribu- 
tion between  the  Harlem  River  and  Central  Park  without  passing  into  or  out  of  these  reservoirs. 

The  uncertainties  are  : 

1st.  The  fluctuations  in  the  small  high-seivice  reservoir  (of  i  acre  in  area  against  the 
125  acres  of  water  in  Central  Park). 

2d.  The  possibility  that  the  unaccountable  uniformity  of  high  service  pump  delivery  may  be  in 
part  due  to  an  overflow  at  night  from  high  service  into  the  Bronx  distribution  pipes  with  Wiiliams- 
bridge  Reservoir  as  an  equalizer  for  both.  From  questioning  Mr.  Birdsall  as  to  the  arrangement 
of  gates  and  the  pipes  in  existence,  it  appears  certain  that  this  quantity,  going  to  the  Bronx,  must 
have  been  so  small  as  to  not  affect  the  results  appreciably. 

3d.  The  subdivision  of  the  number  of  the  population  supplied  with  Croton  water  from  those 
supplied  with  water  from  the  Bronx  conduit. 

4th.  The  real  use  of  water  from  3  to  4  A.  M. 

5  th.  The  quantity  taken  to  reflll  house  tanks  after  2  A.  M. 

After  reviewing  this  margin  of  uncertainty  I  am  satisfied  that  it  is 
covered  and  more  than  covered  by  increasing  the  allowance  for  rate  of  use  at 
3  A.  M.  from  a  rate  of  4  to  a  rate  of  19  gallons  per  capita  per  24  hours. 
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RISE  AND  FALL  OF  WATER. IN  BROOKLYN  'REMERVOIAS 
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Hourly  Variation  in  the  Rate  of  Consumption  of  Water  in  Brook- 
lyn— Probable  Proportion  of  the  Supply  Wasted. 

A  comparison  of  the  rate  of  draft  after  midnight,  when  the  legitimate  use 
is  small,  with  the  rate  of  draft  of  water  during  the  busy  hours  of  the  day  gives 
here,  as  in  Manhattan,  the  best  measure  that  can  now  be  obtained  of  the 
proportion  actually  used  and  of  the  portion  of  the  supply  wasted. 

The  method  of  measurement  followed  in  this  Brooklyn  test  was  substan- 
tially the  same  as  that  followed  in  the  Central  Park  experiments  on  the  con- 
sumption of  Croton  water  described  in  pages  immediately  preceding,  with 
such  variation  as  required  by  the  different  local  conditions. 

The  entire  Borough  of  Brooklyn  excepting  Wards  29,  30,  31  and  32,  and 
a  part  of  Ward  26,  is  supplied  from  the  system  of  3  conduits  that  lead  in  from 
the  eastward  and  deliver  their  water  at  a  very  low  elevation  to  the  two  large 
pumping  stations  at  Ridgewood,  about  half  a  mile  southerly  from  the 
elevated  Ridgewood  Reservoirs.  These  consist  of  3  large  basins,  Nos.  i,  2 
and  3,  of  areas  of  11.82  acres,  13.75  acres  and  24.49  acres  respectively.  Out 
from  Basins  i  and  2  run  pipes,  united  just  outside,  which  supply  the  high- 
service  pumping  station  for  Prospect  Hill;  2  of  these  Prospect  Hill  pumps 
deliver  into  the  high-service  reservoir  at  Prospect  Park,  of  3.32  acres  water 
area;  3  of  these  pumps  at  the  Prospect  Station  are  for  extra  high  service 
and  deliver  into  a  standpipe  of  about  16  feet  diameter. 

Therefore,  if  we  measure  accurately  the  quantity  of  water  delivered  in 
each  hour  of  the  24  by  the  main  pumps  at  the  Ridgewood  Station,  all  water 
which  is  drawn  out  in  any  given  hour  for  consumption,  use  or  waste,  in  the 
entire  city  (excluding  those  wards  mentioned  above),  must  unquestionably 
come  either  from  the  delivery  of  the  main  pumps  at  Ridgewood  during  that 
hour  or  from  the  lowering  of  the  water  surface  in  one  or  another  of  the  four 
reservoirs : — and  in  any  hour  when  the  delivery  of  these  Ridgewood  pumps 
exceeds  the  consumption,  the  entire  excess  must  go  into  one  or  another  of 
these  four  reservoirs.  (The  extra-high-service  standpipe  is  of  such  small 
area  that  its  fluctuations  may  be  disregarded.) 

By  means  of  measuring  the  hourly  delivery  of  each  of  the  Ridgewood 
pumps  and  by  simultaneously  measuring  the  depletion  or  storage  of  excess 
of  water  in  these  four  reservoirs  we  have  a  positive  measurement  of  the  actual 
draft  of  water  from  the  distribution  pipes  during  that  hour. 

For  the  purpose  of  eliminating  the  effect  of  any  chance  errors  of  obser- 
vation the  revolution  counters  upon  all  the  pumps  were  read  each  half  hour 
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and  the  water  level  in  each  of  the  3  Ridgewood  basins  was  very  carefully 
measured  once  each  half  hour.  At  the  Prospect  Park  Reservoir  the 
observer  had  more  leisure,  and  so  these  observations  were  made  once  in 
each  six  minutes. 

Two  sets  of  observers  were  employed  on  the  measurements  of  reservoir 
height,  working  in  12-hour  shifts,  and  the  observations  continued  day  and 
night,  from  Saturday  noon,  April  21,  to  Tuesday  noon,  April  24,  and  would 
have  been  continued  longer  had  time  permitted.  The  observations  on  engine 
counters  were  made  by  the  engineers  in  charge  of  the  pumps. 

All  these  observations  of  pump  counters  were  plotted  in  the  form  of  half- 
hour  differences  on  a  large  scale  for  the  purpose  of  detecting  any  chance 
errors  in  time  or  count,  but  were  in  general  found  consistent  and  satisfactory. 
The  reservoir  observations  and  also  the  pump  observation  were  all  first 
plotted  on  a  very  large  scale  and  the  mean  line  transferred  to  the  accom- 
panying drawing.  To  avoid  confusion  of  lines  on  the  diagram  only  the 
line  of  aggregate  delivery  of  the  eight  pumps  in  use  at  Ridgewood  is  plotted. 
For  measuring  the  fluctuations  of  reservoir  level  at  Basin  No.  i,  a  glass 
tube  gauge  with  scale  divided  in  hundredths  of  a  foot,  connected  to  a 
blow-off  pipe,  served  admirably  for  avoiding  effect  of  any  wind  waves.  At 
Basin  No.  2  the  heights  of  water  were  measured  in  a  still-box  about  i  foot 
square  by  2  feet  6  inches  deep,  communicating  with  the  reservoir  through 
a  pipe  not  far  from  |  inch  diameter.  Check  observations  were  also  taken 
by  means  of  the  float  gauge  connecting  with  a  steel  tape  divided  to  i/ioo 
foot. 

At  Basin  No.  3  a  part  of  the  observations  were  made  with  a  portable- 
hook  gauge  in  a  gate-chamber  having  free  communication  with  reservoir, 
the  location  being  between  the  reservoir  and  the  screens.  A  part  were  taken 
by  means  of  a  scale  board  graduated  to  i/ioo  foot,  set  in  the  same  location. 

At  the  Prospect  Park  Reservoir  a  glass-tube  gauge  connected  to  the 
blow-off  pipe  was  used;  this  gauge,  like  the  tube  gauge  at  Basin  No.  i,  being 
a  part  of  the  regular  outfit  of  the  Brooklyn  Water  Department.  There  was 
very  little  wind  during  these  observations  and  the  conditions  were  very 
favorable  for  precise  measurement.  There  was  a  slight  shower  on  Saturday 
night,  but  weather  was  mild  and  otherwise  favorable. 

There  are  4  Venturi  meters  in  the  4  force  mains  from  the  North  Ridge- 
wood Pumping  Station.  It  was  attempted  to  use  these  as  a  check  on  the 
pump  delivery  measurement,  but  the  meters  were  found  over-registering 
and  temporarily  unreliable. 
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There  are  also  3  Venturi  meters  on  the  3  mains  leading  out  of  the  high- 
service  reservoir  and  the  high-service  standpipe.  These  were  also  found  out 
of  order,  which  explains  our  not  using  them  for  check  observations. 

Data  for  Per  Capita  Basis  Brooklyn  Consumption, 

Observations  on  the  rate  of  consumption  of  water  at  different  hours  of 
the  day  and  night  appear  more  instructive  when  reduced  to  the  per  capita 
basis,  especially  when  comparing  the  consumption  of  one  city  with  another. 

To  obtain  the  population  of  that  part  of  Brooklyn  supplied  from  the 
Ridgewood  pumps,  we  had  recourse  to  the  following  data : 

First,  the  total  population  of  the  Borough  of  Brooklyn  was  taken  as 
estimated  by  the  Department  of  Health  for  January  i,  1900,  viz.:  1,249,226. 

But  not  all  of  this  population  is  supplied  from  the  Ridgewod  works. 

In  order  to  obtain  the  proper  deduction  for  the  population  in  those  wards 
not  supplied  from  the  Ridgewood  works,  we  find  the  "  Eagle  Almanac  " 
gives  the  population  (as  compiled  November  i,  1899,  by  Edwin  Bolitho,  of 
the  Department  of  Taxes  and  Assessments),  in  the  wards  not  supplied — Xos. 
29,  30,  31  and  32 — as  amounting  to  about  6.3  per  cent,  of  the  entire  popula- 
tion. Making  this  deduction,  we  have  left  about  1,114,000  as  the  population 
supplied  from  Ridgewood. 

To  compensate  for  the  small  draft  of  water  from  Ridgewood  into  a  part 
of  the  Twenty-sixth  Ward,  a  constant  deduction  of  39,000  gallons  per  hour 
was  made  from  the  Ridgewood  pumpage,  this  being  the  average  amount  so 
drawn  according  to  official  records.  The  total  of  this  water  diverted  to 
Ward  26  from  Ridgewood  is  only  about  one  per  cent,  of  the  total  Ridge- 
wood pumpage,  and  therefore  any  fluctuation  in  its  rate  of  draft  would  be 
inappreciable  upon  the  variation  in  consumption  by  the  city  as  a  whole. 

It  has  not  appeared  worth  the  space  to  reproduce  the  tables  of  measure- 
ments and  computed  results,  since  these  results  are  given  with  tolerable  com- 
pleteness on  the  diagram. 

The  methods  of  observation  and  of  computation  have  been  fully 
described  in  the  case  of  the  Central  Park  observations.  After  the  computa- 
tions were  finished  it  was  noted  that  the  total  consumption  of  water  per 
capita  was  smaller  than  that  published  in  the  Report  of  the  Department  of 
Water  Supply  for  the  year  1898.  The  figures  were  therefore  carefully 
reviewed  but  no  error  found.  A  subsequent  inquiry  at  the  office  of  the  Chief 
Engineer  showed  that  the  actual  total  consumption  had  really  fallen  off  due 
to  some  restriction  of  waste  following  the  fear  of  a  water  famine  last  summer. 
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Brooklyn  High  Serzicc  Water  Consumption. 

It  has  not  been  found  possible  to  obtain  an  estimate  of  the  population 
supplied  from  high  service  and  extra  high  service  suitable  for  plotting  the 
hourly  variation  of  consumption  of  high-service  water  upon  a  per  capita 
basis. 

Observations  were  made  upon  its  total  amount  in  gallons  per  hour 
coincident  with  these  other  observations  and  are  all  in  satisfactory  form  for 
Saturday  and  Sunday,  but  after  Monday  morning,  April  23,  a  disturbance 
was  caused  by  the  shutting  down  of  one  of  the  high-service  pumps  for  repairs 
and  by  the  change  of  62  gates  on  the  distribution  pipes  on  the  boundary 
between  high  service  and  low  service,  thus  temporarily  throwing  a  part  of  the 
high-service  district  on  to  low-service. 
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Additional  Data  for  Estimating  the  Incurable  Leakage. 

The  tightness  reported  for  Milton,  Mass.,  on  page  60  was  so  very  remarkable  that  I  requested 
permission  for  an  assistant  to  make  some  observations.  This  was  very  courteously  granted  by  the 
President  of  the  Milton  Water  Company,  Mr.  EUerton  P.  Whitney,  and  the  Superintendent  of  the 
works  co-operated  earnestly. 

A  new  4-inch  crown  meter,  fresh  from  the  factory  and  which  it  was  said  had  just  previously 
been  adjusted  and  tested,  was  set  in  the  by-pass  on  the  pipe  through  which  the  entire  town  is 
metered  and  the  gates  so  fixed  that  during  the  night  the  entire  flow  passed  through  this  meter. 
This  was  read  at  5-mii»ute  intervals  for  24  hours.  This  meter  was  insufficient  to  Dass 
the  day  flow,  which  was  in  part  measured  by  a  6-inch  union  meter,  which  is  known  to  be  some- 
what worn  and  out  of  adjustment.  We  are  informed  there  have  now  been  no  leakage  tests  by 
cutting  pipe  system  into  small  sections  for  about  a  year. 

The  night  flow  from  2  a.  m.  to  5  A.  M.  held  very  steadily  at  about  3,100  gallons  per  hour,  and 
in  no  1 5-minute  period  was  the  delivery  notably  smaller  than  50  gallons  per  minute. 

This  corresponds  lo  50 x 60 x  24=. . .  .72,000.      gallons  per  24  hours 

Which  is  -'-Y^^-^  = 2,250.      gallons  per  24  hours  per  mile  of  pipe 

Which  is  equivalent  to 281 .      gallons  per  24  hours  per  mile  per  inch  in  diameter 

Which  again  is  equivalent  to  Jf  3JS.=  1.95  gallons  per  24  hours  per  foot  of  leaded  joint. 

The  above  draft  included  whatever  use  and  waste  was  going  on  from  3  to  4  A.  M.  along  32 
milqs  of  pipes  and  from  818  service  pipes,  and  probably  covered  some  use  for  washing  carriages  by 
a  "  garden  hose  "  in  one  large  stable  ;  some  use  at  a  large  milk  farm  in  washing  cans  ;  and  some 
use  in  a  large  chocolate  factory  ;  the  exact  amount  of  these  uses  not  being  known.  The  popula- 
tion per  mile  of  pipe  is  very  sparse  ;  total  population  being  6,500,  or  only  210  per  mile,  and  thus 
less  than  one-tenth  the  density  per  mile  of  pipe  of  New  York  or  Brooklyn. 

The  rate  of  night  use  and  waste  per  capita  was  11  gallons,  but  the  per  capita  basis  is  evidently 
not  lair  for  comparison  because  of  the  sparseness  of  population  per  mile  of  pipe. 

The  total  piping  was — 2  miles,  4-inch  ;  18  miles,  6-inch  ;  5  miles,  8-inch  ;  3  miles,  lO-inch  ; 
4  miles,  12-inch  ;  total,  32  miles,  and  the  total  length  of  leaded  pipe-joint  is  not  far  from  37,00  > 
feet  or  7  miles,  or  just  10  times  the  length  of  leaded  pipe-joint  per  capita  that  exists  in  New  York 
(see  page  61). 

If  we  assume  that  ^  of  this  night  flow  was  waste  from  cast-iron  mains  and  ^  from 
house  fixtures  and  use  it  gives  a  pipe-waste  of  1,500  gallons  per  24  hours  per  mile  of  pipe, 
equivalent  to  1.3  gallons  per  24  hours  per  foot  of  leaded  joint.  Works  10  years  old.  Average 
pressure,  85  pounds  per  square  inch. 

Since  the  New  York  pipes  contain  0.6  feet  of  leaded  joint  per  capita,  the  total  New  York  pipe 
leakage  per  capita  on  this  Milton  basis  would  be  less  than  i  gallon  per  capita  per  24  hours. 

I  have  a  report  of  some  carefully  made  tests  on  certain  large  new  pipes  which  show  about  4 
times  the  average  rate  of  leakage  just  quoted.  There  is  a  question  if  some  of  these  leaks  in  new 
pipe  will  not  silt  up  or  rust  up. 

Mr.  C.  F.  Loweth,  Civil  Engineer,  of  St,  Paul,  Minn.,  has  kindly  given  me  data  from  tests  of 
9  small  waterworks  where  leakage  was  measured  by  lowering  of  water  surface  in  an  elevated 
tank.  Pipes  mostly  6-inch  and  8-inch — pressure  about  50  pounds- prior  to  the  tapping  in  of 
service-pipes.  From  these  tests  and  others  Mr.  Loweth  finds  that,  unaer  good  contract  work,  it 
is  possible  to  obtain  joints  so  tight  under  50  pounds  pressure  that  the  leakage  per  24  hours  pei 
mile  of  pipe,  per  inch  in  diameter,  will,  when  new,  not  exceed  60  to  70  gallons.  One  mile  ot 
8-inch  pipe,  with  its  gates,  crosses  and  hydrant  branches,  will  commonly  contain  about  500  joints 
each,  2.36  feet  long,  or  a  total  of  1,180  feet  of  leaded  joint — a  leakage  of  70  gallons  per  inch  mile 
is  therefore  equivalent  to  -^^  feet=o.47  gallons  per  24  hours  per  foot  of  leaded  joint,  or, 
according  to  Mr.  Loweth's  experiepce,  the  leakage  of  a  mile  of  new  8-inch  cast-iron  pipe  need 
not  exceed  480  to  560  gallons  per  24  hours. 

At  this  rate  the  incurable  pipe-leakage  for  New  York  would  be  only  about  j4  gallon  per 
capita  ;  but  I  regard  this,  or  anything  near  it,  impossible  of  attainment  in  the  conditions  found 
in  New  York,  and  am  inclined  to  look  at  5  gallons  as  the  ideal,  and  more  likely  10,  with  the 
new  danger  of  electrolysis. 
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Probable  Increase  in  Population. 

The  margin  of  uncertainty  in  the  number  of  future  inhabitants  to  be 
supplied  with  water  is  much  smaller  than  the  uncertainty  in  the  number  of 
gallons  of  water  per  inhabitant  per  day  that  must  be  provided  for  them  to  use 
and  waste. 

The  future  population  for  ten,  twenty  or,  perhaps,  thirty  years  to  come, 
<an  be  estimated  with  a  degree  of  certainty  sufficient  for  all  questions  of 
future  water  supply  by  a  study  of  the  growth  for  the  past  thirty  years,  and  by 
the  further  consideration  that  the  great  commercial  centre  of  our  country, 
reflecting  as  it  does  the  progress  of  the  nation  as  a  whole,  must  move  onward 
with  a  more  definite,  uniform  and  persistent  force  than  the  growth  of  a  smaller 
city  dependent  upon  the  prosperity  of  a  few  lines  of  industry  or  a  limited 
commerce. 

As  will  be  seen  from  statistical  tables  which  follow,  the  population  of 
the  district  within  fifteen  miles  of  the  New  York  City  Hall  in  the  decade 
from  1870  to  1880  increased  32  per  cent;  in  the  decade  from  1880  to  1890 
43  per  cent.,  and  if  the  official  estimates  of  growth  for  the  past  five  years 
prove  correct  when  the  census  of  June,  1900,  is  completed,  the  growth 
for  this  ten  years,  from  1890  to  1900,  will  have  been  33  per  cent.  The  average 
increase  per  decade  for  the  twenty-five  years  between  the  census  of  1870  and 
the  census  of  1895,  the  two  best  points  for  defining  the  curve  of  past  growth, 
is  36  per  cent. 

Steady  and  rapid  progress  appears  more  firmly  grounded  to-day  than 
ever  before,  under  the  commercial  developments  of  the  past  few  years  and 
with  the  recent  marvellous  growth  in  the  export  of  manufactured  products; 
but  on  the  other  hand,  it  seems  too  much  to  expect  that  growth  by  geometric 
progression  in  any  such  large  ratio  as  36  per  cent,  per  decade  can  continue 
for  many  years. 

Our  most  instructive  example  for  study  of  growth  of  a  great  commercial 
centre  according  to  the  geometric  ratio,  is  greater  London ;  which  has  now 
for  fifty  years  steadily  maintained  a  rate  of  growth  of  about  20  per  cent,  per 
decade. 


Population  to  be  Supplied  with  Water.  289 

Per  Cent,  of  Increase  in  Population  Per  Decade, 

After  plotting  upon  a  diagram  the  rates  of  growth  of  our  leading  Ameri- 
can cities,  and  those  for  London,  Paris  and  Berlin,*  while  these  all  indicate 
in  a  general  way  that  20  per  cent,  increase  per  decade  is  the  smallest  reason- 
able expectation  for  the  growth  of  New  York  in  the  near  future,  the  only  lines 
which  »p{)ear  really  trustworthy  as  a  guide  for  projecting  the  line  of  growth 
for  New  York  City  and  its  surroundings,  are  the  lines  for  London  and  for 
New  York  itself.  In  other  great  cities,  political,  local  or  sectional  influences 
have  been  at  work — ^in  Paris,  the  retardation  due  to  the  Franco-Prussian 
War;  in  Berlin,  the  fostering  care  of  a  strong  centralizing  government;  in 
Chicago,  the  development  of  a  point  of  distribution  and  collection  of  a  great 
internal  commerce,  in  the  formative  period  of  modern  transportation — ^while 
in  London  we  have  the  development  of  a  great  commercial  centre  under  con- 
ditions which  thirty-two  years  ago,  in  1867,  when  London  had  the  same  popu- 
lation which  New  York  and  its  immediate  neighbors  now  possess,  did  not, 
as  we  look  back  upon  that  period  and  note  the  forces  at  work,  bear  such 
promise  of  growth  or  give  such  facilities  for  feeding  and  housing  and  trans- 
porting a  multitude  as  is  to  be  found  for  the  near  future  in  New  York. 

With  greater  concentration  of  office  work  in  tall  buildings,  with  the 
commercial,  manufacturing  and  residential  districts  expanding  upward  as 
well  as  outward,  with  the  greater  centralization  of  capital  and  commerce, 
with  exports  of  manufactures  growing  by  leaps  and  bounds,  and  with  the 
new  importance  of  this  country  at  large  before  the  world,  it  surely  looks 
probable  that  the  growth  of  population  in  the  Metropolitan  District  in  the 
next  ten  and  twenty  years  will  be  as  much  as  in  the  past  ten  and  twenty 
years.  The  line  drawn  on  Diagram  No.  13  from  the  statistics  of  London, 
proves  that  a  city  docs  not  necessarily  have  its  rate  of  growth  diminished 
below  20  per  cent  per  decade  merely  because  it  has  become  large. 

After  considering  these  various  matters  and  in  view  of  the  fact  that  an 
increase  of  36  per  cent,  per  decade  has  now  actually  been  maintained  for 
twenty-five  years,  with  no  sign  of  any  adverse  influence  yet  above  the 
horizon,  it  appears  to  me  not  unreasonable  to  provide  water  supply  for  30  per 
cent,  increase  of  population  in  the  next  decade,  25  per  cent,  in  the  next,  and 
20  per  cent,  in  the  next  decade,  from  1920  to  1930. 

*  Figures  taken  from  F.  P.  Stearns'  study  of  growth  of  Boston  Metropolitan  District. 
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In  Diagram  No.  13,  see  page  87,  I  have  plotted  the  line  of  actual 
growth  of  each  group  of  boroughs  and  for  the  metropolitan  district  as  a 
.whole  for  the  past,  and  have  projected  the  lines  into  the  future  on  four 
different  assumptions. 

•1st.  That  in  the  next  ten,  twenty  and  thirty  years,  jast.as  many  inhabitants  will  be  added  as  in 
the  past  ten,  twenty  and  thirty  years.  This  is  an  increase  in  simple  arithmetical 
progression,  and  is  shown  by  the  dotted  line. 

2d.  An  increase  in  geometric  ratio  at  20  per  cent,  growth  per  decade,  the  same  as  London. 

3d.  That  the  per  cent,  of  increase  will  be  the  same  for  each  future  decade  that  it  averaged  for 
the  twenty-five  year^  from  the  U.  S.  Census  of  1870  to  the  State  Census  of  1895,  or  36  per 
cent,  per  decade  ;  this  being  an  increase  in  geometrical  progression,  which  is  the  ratio  by 
which  increase  of  population  is  commonly  estimated. 

4th.  The  line  of  increase  which  I  regard  as  most  probable,  viz.  : 

That  the  growth  from  1900  to  19 10  will  be  30  per  cent. 

1910  to  1920  will  be  25  per  cent. 
1920  to  1930  will  be  20  per  cent. 


«(  t(  C( 

((  iC  t( 


Official  Estimate  of  Present  Population. 

These  lines  are  started  (with  the  allowance  described  below)  from 
the  official  estimate  for  the  city  prepared  in  the  Department  of 
Health  for  January  i,  1900,  which,  as  kindly  given  me  by  Roger  S. 
Tracy,  M.  D.,  Registrar  of  Records,  is  as  follows; 

Borough  of  Manhattan 1,980,223 

The  Bronx 168,867 

Brooklyn 1,249,226 

Queens I33»366 

Richmond 68,254 

Total  for  Greater  New  York 3»599»936 


This  official  estimate  is  understood  to  be  made  up  from  the  census  of 
1895  for  Manhattan  and  Bronx,  and  from  the  census  of  1892  for  Brooklyn 
by  assuming  the  increase  to  have  proceeded  in  geometrical  progression  from 
the  U.  S.  Census  of  1880,  and  is  presented  by  the  Department  of  Health 
subject  to  revision  after  the  Federal  Census  is  taken,  a  few  months  hence. 

There  is  some  reason  to  question  if  the  growth  in  these  recent  years  of 
commercial  depression  (1895  to  1898)  has  been  so  large  as  is  assumed  in  this 
method  of  computation  followed  by  the  Department  of  Health,  and  I  made 
some  efforts,  without  success,  to  obtain  a  check  computation  by  the  annual 
growth  in  registry  of  school  children,  the  annual  growth  in  registry  of  voters. 
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and  the  yearly  number  of  building  permits,  and  by  the  change  in  number  of 
names  in  the  city  directory  from  year  to  year;  methods  of  estimating  growth 
that  have  been  found  of  use  in  other  cities.  Certainly  the  increase  in  use  and 
waste  of  water  in  those  years  gives  no  suggestion  that  we  would  err  in  using 
these  Health  Department  estimates  of  growth  in  population  as  part  of  our 
basis  for  estimating  the  requirement  for  water;  but  to  be  conservative,  I 
have,  as  will  be  noted  in  the  diagram,  assumed  that  the  recent  "  hard  times  " 
have  cost  the  municipal  district  the  equivalent  of  more  than  a  year  of  normal 
growth. 

The  data  kindly  furnished  by  various  officers  of  the  Health  Departments 
of  New  York  and  of  Hudson  County,  New  Jersey,  together  with  that  com- 
piled from  other  New  Jersey  county  reports  and  from  the  United  States 
census  reports,  is  presented  in  the  following  tables,  Nos.  38  to  44. 

The  growth  of  the  adjacent  New  Jersey  towns  is  presented  in  these  sta- 
tistical tables,  because  in  considering  the  influences  which  promote  growth  we 
must  recognize  that  these  apply  to  a  whole  district,  and  are  not  confined  by 
strictly  municipal  lines.  For  the  present  purpose  the  Metropolitan  District 
has  been  assumed  to  include  all  mtfnicipalities  of  which  the  main  portion  lies 
within  fifteen  miles  of  the  New  York  City  Hall. 

Estimates  Adopted  for  Future  Population. 

The  main  questions  are: 
1st.  What  will  be  the  future  population  of  the .  Metropolitan  District  as  a 
whole,  including  these  New  Jersey  towns? 

2d.  In  what  portion  of  the  district  will  the  increase  congregate? 

This  can  be  foreshadowed  with  accuracy  sufficient  for  purposes  of  water 
supply,  and  is  essential  to  the  proper  location  of  the  future  main  arteries  of 
the  system  and  the  future  main  points  of  distribution. 

With  rapid  transit  toward  the  Bronx  now  assured,  and  its  large,  sparsely 
populated  areas  thus  made  more  available;  with  additional  bridges  and  tun- 
nels to  Brooklyn,  and  with  quick  and  easy  transit  assured  to  the  vacant  terri- 
tory of  Queens,  it  appears  probable  that  Manhattan,  Bronx,  Brooklyn  and 
Queens  will  each  secure  at  least  its  full  pro  rata  of  the  additional  population 
for  the  entire  Metropolitan  District. 

After  Diagram  No.  13  was  drawn,  and  its  lines  projected  on  the  basis  of 
each  borough  sharing  pro  rata  in  the  increase  of  population,  I  was  led  by  the 
recent  discussion  of  new  bridges  and  tunnels  across  the  East  river  to  give 
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further  attention  to  the  influence  of  these  improved  facilities  for  rapid  transit 
across  the  East  river  upon  the  growth  of  Brooklyn  and  Queens,  to  project 
the  line  for  Brooklyn  and  Queens  at  a  higher  rate,  and  to  assume  that  the 
larger  growth  in  this  borough  would  be  at  the  expense  of  growth  in  the  New 
Jersey  towns  rather  than  by  diversion  from  the  Bronx.  In  Richmond  the 
line  is  projected  according  to  some  consideration  of  its  ample  water  front,  its 
nearness  to  the  centre  of  business,  and  its  large,  sparsely  settled  areas  and  its, 
many  excellent  locations  for  large  manufacturing  plants,  with  attractive 
home-sites  near  at  hand,  and  of  the  probable  future  conditions,  more  than 
by  the  ratio  of  growth  in  the  past. 

Reference  is  made  to  Diagram  No.  13  for  the  figures  adopted  for  the 
future. 

While  I  am  disposed  to  regard  the  evidence  as  pointing  to  the  30-25-20 
line  of  future  growth  with  stronger  probability  than  to  any  of  the  other  lines, 
I  have,  in  the  desire  to  be  conservative,  labeled  this  line  as  "  Largest  Prob- 
able," and  have  labeled  the  2o-per-cent.-per-decade  line  as  the  "  Smallest 
Probable." 

In  Table  No.  5,  where  these  estimates  of  population  are  made 
use  of  for  computing  the  magnitude  of  the  water  supply  that  ought  to 
be  provided  for  the  future,  a  mean,  in  round  numbers,  between  the  30-25-20 
line,  and  the  20-per-cent.-per-decade  line  has  been  adopted  for  Manhattan 
and  The  Bronx.    For  Brooklyn  and  Queens,  the  30-25720  line  is  used. 

Statistics  of  population  in  past  years,  so  complete  as  desired  for  the 
present  purposes,  were  difficult  to  obtain,  and  the  record  is  somewhat  con- 
fused by  the  various  changes  in  municipal  boundaries  and  subdivisions.  We 
were  in  many  cases  unable  to  follow  these  figures  for  population  back  to  their 
original  source  for  verification.  That  the  data  for  Table  No.  44  may  be  more 
clearly  set  forth  and  made  easier  of  verification  and  amendment,  the  following 
Tables  38  to  43  are  presented. 

Although  some  of  the  different  enumerations  do  not  agree  very  well, 
notably  the  Federal  census  of  1890  and  the  police  census  of  1890,  the  final 
result,  in  the  aggregate,  must  be  correct  within  a  small  margin. 

See  Diagram  No.  13  and  Table  No.  5  for  conclusions. 
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Table  No.  40. 

Actual  Increase  in  Population  of  Borough  of  Richmond, 
(Data  from  report  of  Health  Board  of  New  York  City: lor  1898.    Unpubli^ed  Cop;.) 


Ward. 


First... 
Second . 
Third.. 
Fourth. 
Fifth.. 


Total. 


When 
Formed. 


1898 


«t 


(« 


«< 


Formerly  Known  as 


Castleton.... 
Middletown 
Norlhfield. . 
South6eId... 
Westfield... 


Per  cent. increase  from  preceding  enumeration, 


U.S..     N.Y.  State 
Census,  .   Census, 
1870.      I      1875. 


9.504 

7,589 

5.949 
5,080 

■4.90s 


33,039 


I0.9S7 


8.332     i       9.oa9 


6,619 


4,86a 


3S.<96 


6.6 


7,014 


4,486  4.980 


5,289 


10.8 


38.99'  5 '.693 


N.y.  State 
Census, 

1892. 


32.6 


I7,a6x 

"t477 
9,641 

6.3*4 
8.648 


55.35' 


3. a 


Table  No.  41.   . 

Actual  Increase  in  Population  of  Borough  of  Queens, 


Ward. 

When 
F'ormed 

First 

1898 

M 

Second 

Third 

«« 

Fourth 

It 

Fifth 

t( 

Total 

Formerly  Known  as 


*  Long  Island  City, 

Newtown 

Flushing 


Jamaica. 


•♦Hempstead. 


Per  cent,  of  increase  from  preceding  enumeration. 


Census, 
1870. 


20,374 

14.650 

7.745 


43,6c9 


N.Y.  State 

Census, 

1875. 

* 

U.S. 

Census, 

1880. 

U.S. 

Census, 

1890. 

30.505 

N.Y.  State 

Census, 
1^93. 

■ 

15.587 

17,139 

35.745 

10,614 

9.804 

17.549 

19.776 

15.357 

t5,9o6 

19,803 

ao,8i6 

8,983 

10,088 

^4.44X 

>7.654 

50,51« 

52.927 

82,299 

93.99« 

18.4 

4-7 

55.5 

14.3 

♦  Formed  in  1870  from  Newtown. 

**  Only  part  ot  Hempstead  was  consolidated  with  the  other  towns  forming  Greater  New  York  and  the  popula- 
tion previous  to  consolidation  cannot  be  given.  Assembly  Bill  964  in  2898  returned  to  the  old  town  all  of  Hemp« 
stead  taken,  except  Far  Rockaway. 


Population  to  be  Supplied  with  Water. 
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Appendix  No.  5. 

Basis  for  Estimate  of  Cost  of  New  Aqueducts. 

In  considering  the  relative  cost  and  economy  of  the  ten  or  more  dif- 
ferent sources  from  which  it  is  possible  to  procure  an  additional  supply  of 
water  for  New  York  we  had  occasion  to  make  estimates  of  the  carrying  capa- 
city and  cost  of  aqueducts,  tunnels  and  steel  conduits  and  siphons  aggregat- 
ing nearly  five  hundred  miles.  For  some  of  these  lines  a  close  estimate  was 
desired  and  for  others  a  rough  approximation  would  serve.  To  judge  of  the 
relative  economy  of  the  various  projects  it  was  important  that  these  estimates 
should  ^11  rest  upon  the  same  basis.  The  cost  per  mile  of  a  pipe  or  aqueduct 
of  a  given  carrying  capacity  varies  largely  according  to  the  slope  or  fall  per 
mile  that  can  be  given  to  it.  For  example,  an  aqueduct  of  500  million  gallons 
per  day  capacity  having  a  slope  of  2  feet  per  mile  will  carry  only  353  million 
gallons  per  day  if  given  a  slope  of  i  foot  per  mile,  and  will  cost  substantially 
the  same  in  either  case.  It  was,  therefore,  desirable  to  have  a  ready  means  of 
computing  the  size  and  slope  best  adapted  to  a  given  location. 

The  following  diagrams  and  tables  were  prepared  with  much  care  after 
going-over  a  part  of  the  lines  and  noting  those  characteristics  of  the  ground 
which  affect  the  cost  of  work,  and  are  intended  to  give  the  cost  under  average 
conditions.  For  especially  difficult  ground  a  correction  is  to  be  added,  and 
deduction  may  be  made  for  easy  ground. 

The  greater  part  of  the  cost  in  work  of  this  kind  on  aqueducts  and  tunnels 
.goes  out  in  labor,  and  if  the  price  per  day  for  common  labor  were  fixed  at  the 
same  per  diem  and  for  the  same  length  of  working  hours  as  contemplated  by 
certain  municipal  ordinances  for  work  inside  the  city  limits,  the  cost  of  much 
of  this  work  would  be  increased  about  30  per  cent.  I  have  estimated  com- 
mon labor  at  the  actual  price  now  commonly  paid  on  large  contract  work  of 
this  character.  The  unit  prices  in  these  following  estimates  are  somewhat 
larger  than  the  prices  at  which  the  similar  work  of  the  Massachusetts  Metro- 
politan Water  Board  (the  most  recent  large  example  of  work  of  this  class)  has 
actually  been  executed,  enough  so,  it  is  believed,  to  fully  cover  all  recent 
advances  in  cost  of  labor  and  materials. 

I  am  much  indebted  to  the  kindness  of  F.  P.  Stearns,  Chief  Engi- 
neer of  the  Massachusetts  Metropolitan  Water  Board,  and  to  Thomas 
W.    Richardson,    Engineer    of    its    Dam    and    Aqueduct    Department, 
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who  arranged  the  leave  of  absence  for  Mr.  Horace  Ropes,  Assistant 
Engineer,  at  that  time  engaged  upon  the  final  location  surveys  for 
the  Weston  Aqueduct,  so  that  he  was  able  to  assist  me  in  the 
field,  in  making  a  hasty  reconnaissance  of  various  possible  aqueduct  lines 
east  of  the  Hudson,  and  subsequently  across  the  Hudson  and  along  the 
Wallkill  and  Esopus  Creeks;  comparing  the  character  of  the  country  from 
mile  to  mile  in  roughness  and  probable  cost  of  grading  with  that  in  which  he 
had  been  supervising  aqueduct  construction  and  surveys  for  the  past  four  or 
five  years.  Prior  to  this  aqueduct  construction,  Mr.  Ropes  had  had  much 
experience  in  the  West  in  railroad  construction  and  in  the  reconnaissance  for 
railroad  location.  Mr.  Ropes  subsequently  prepared  the  larger  part  of  the 
data  which  I  have  summarized  in  pages  312  to  317,  which  data  were  based 
largely  upon  his  personal  experience  gained  as  Assistant  Engineer  in  charge 
of  the  construction  of  the  two  miles  of  tunnel  forming  a  part  of  the  300  million 
gallon  Wachusett  Aqueduct  of  the  Massachusetts  Metropolitan  Supply,  and 
his  subsequent  supervision  of  a  section  of  the  cut-and-cover  masonry  aque- 
duct forming  a  part  of  the  same  system. 

This  Wachusett  Tunnel  was, built  in  1896  and  1897  and  is  thus  the  most 
recent  and,  next  to  the  New  Croton,  is  the  largest  water  supply  tunnel  yet 
constructed.  Its  Chief  Engineer  was  Mr.  F.  P.  Stearns,  who  had  previously 
had  experience  in  difficult  tunneling  while  Assistant  Engineer  on  the  Dor- 
chester Bay  Tunnel  for  the  Boston  improved  sewerage,  completed  in  1883. 
Mr.  A.  Fteley,  Chief  Engineer,  Croton  Aqueduct  Commissioners,  under 
whom  the  new  Croton  Tunnel  was  completed,  acted  as  Consulting  Engineer. 
We  may,  therefore,  accept  the  experience  gained  upon  this  Wachusett 
Tunnel  as  a  prudent  guide,  with  confidence  that  it  had  the  benefit  of  the 
latest  developments  in  the  art  of  tunneling. 

The  cut-and-cover  portion  of  the  Wachusett  Aqueduct  was  designed  by 
Mr.  F.  P.  Stearns,  who  had  the  advantage  of  serving  under  Mr.  Joseph  P. 
Davis  and  Mr.  A.  Fteley,  as  an  Assistant  Engineer  on  the  construction  of 
the  Sudbury  Aqueduct,  twenty-three  years  ago,  and  who  gave  a  great  deal  of 
study  to  perfecting  the  details  of  this  Wachusett  design,  so  that  it  should 
contain  the  utmost  economy  of  material,  while  its  masonry  arch  and  abut- 
ments possess  ample  factors  of  strength  and  stability  against  loads  from  within 
or  from  without,  whether  empty  or  filled  with  water,  covered  with  earth  or 
uncovered.  It  is  without  doubt  the  finest  example  of  masonry  aqueduct 
construction  yet  to  be  found. 

We  were,  therefore,  very  fortunate  while  making  these  estimates  of  costs 
of  aqueducts  for  New  York  to  have  the  assistance  of  the  engineer  under 
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whose  immediate  supervision  this  entire  tunnel  and  a  part  of  this  cut-and- 
cover  aqueduct  for  the  new  Boston  works  was  constructed. 

That  the  kind  of  structure  proposed  may  be  more  readily  understood  by 
those  not  familiar  with  aqueduct  construction,  Figures  56  to  59  are  appended. 

I  have  followed  this  general  design  of  Mr.  Stearns  in  the  sections  of 
Figs.  Nos.  60,  61,  62,  63,  64,  65,  in  which  Section  A  is  substantially  the  same 
throughout  as  the  Wachusett,  both  for  cut-and-cover  aqueduct  and  tunnel. 
Sections  B  and  C  are  drawn  in  same  general  proportion  as  A,  and  without 
having  had  time  for  a  complete  analysis  of  the  stresses  under  all  conditions,  it 
is  believed  the  quantities  of  material  assumed  in  the  estimates  of  Table  No. 
47  are  ample  for  the  present  purposes  of  preliminary  estimate. 
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^milar  ^olognphi  of  interior  of  the  WuhinglDO,  D.  C.  u]ueduct  tunnel  lUuitrme  the  reiion  for  the  h: 
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Table  No.  45- 

Leading  Dimensions  of  Aqjeduct  Sections. 

Details  provisional  for  purpose  of  estimate. 

The  Sectional  Drawings  represent  Section  <*B"  to  scale.  Sections  A  and  Care  nearly 
proportkmal  thereto.  The  differences  in  sizes  are  shown  by  table  of  leading  dimensions  below. 
All  dimensions  in  feet  uiile;ss.  stated  otherwise. 


Cut  and  Covbr  Aqueducts. 


Standard  Section  in  Earth  Excavation  — 

Centre  beigbt,  inside 

Maximum  width,  inside w 

Height  of  maximum  width  above  invert 

Width  at  edge  of  invert « 

Middle  ordinate  of  invert • 

Height  of  brick  lining  above  edge  of  invert 

Radius  of  invert,  inside 

**        walls,  inside 

"        arch,  inside 

Extreme  depth,  outside 

"       width  at  bottom 

Thickness  of  concrete  wall-bottom 

"  paved  invert ...•••• | 

"  concrete  spring  of  arch 

**  concrete  crown  of  arch 

Depth  of  fill  on  top 

Width  of  top  of  embankment 

Slope  ot  sides  of  embankment 

On  Embankment — 

All  dimensions  same  as  given  above,  except : 

Extreme  depth,  outside  = 

Thickness  of  paved  invert  = | 

Extreme  width  at  bottom  = 

Thickness  of  concrete  wall  at  bottom 

In  Rock  Excavation — 

Centre  height,  inside 

Maximum  width,  inside 

Height  of  maximum  width  above  invert • 

Width  at  edge  of  invert. 

Middle  ordinate  of  invert 

Radius  of  invert 

walls 

"        arch 

Thickness  of  concrete  at  crown 

Least  thickness  brick  lining 

'*  brick  paving 

Thickness  of  concrete  at  spring  of  arch 


Section 

Sixe 

A. 

Same  Size  as 

Wachusett. 


X0.50 
ZX.50 

4-75 
10.50 

1.04 
4«4 

14.00 
14.00 

5.75 
Z9.58 

90.00 
4.50 

4"  brick 

7"  concrete 

33  in. 

14  in. 
4.00 

14. 00 
z^  to  I 


4"  brick 
7"  concrete 

93.00 
6.00 


A. 


XO.50 
IX.  50 

4-75 
ZO.50 

Z.04 
14. o 

Z4.0 
5-75 

X4  in. 
4  in. 


Section 
Size  • 
B. 
as  Drawn. 


15.35 
16.83 

6.93 
XS.3S 

1.5 
6.4 

ao.s 
ao.S 

8.49 
18.0 

99.0 
6.67 

8"  brick 

7"  concrete 

30  in. 

77  in. 
4.00 

15.00 
1^  to  I 


17.67 
4"  bnck 
7"  concrete 

39.00 
8.00 


B. 


«5.35 

16.83 

6.93 
X5-3S 

1-5 

90.5 

90.5 
8.49 

Z7  in 
4  in. 


4  in.  4  in. 

Depends  on  depth  of  roc 


Section 

Size 

C. 


90.0 
93.0 

9.0 
90 .0 

1.8 
8.0 

98.0 
98.0 

11.0 
93.0 

37.0 
8.0 

8"  brick 

8"  concrete 

36  in. 

90  in. 
4.00 

x6.oo 
xH  to  1 


99.67 
4"  brick 
8"  concrete 

41.0 
10.0 


C. 


90  o 
99.0 

9.0 

90.0 

X.8 
98.0 

98.0 
11. •   _ 

90  in. 
4  in. 

4  in. 
k  excavation. 
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Tunnbls. 


Lhud  Tunntln 

Centre  height,  ioude 

Maximum  width,  inside '. 

Height  of  maximum  width  above  invert .' 

Width  at  ec^e  of  invert 

Middle  ordinate  oi  invert 

Radius  of  invert 

"        walls 

"        arch..... 

For  Purpose  of  Estimate — 

Least  thickness  brick  paving 

"  "    walls 

"crown 

Actual  dimensions  in  sound  rock  may  be  4  inches  less,  as  shown  in 
drawing. 

Sxcavaticn  for  Liugd  and  Ualiiud  Tuntuls. 

For  Purpose  of  Estimate— 

M^mum  depth,  prescribed  line  of  excavation 

"         width,  prescribed  line  of  excavation 

Width  at  invert,  prescribed  line  of  excavation 

In  sound  rock  may  be  8  inches  less,  as  shown  in  drawing. 


Tunnel  with  Sidt  Linings  Uud  only  in  Sound  Reck, 

Excavation  figured  as  per  dimensions  in  drawing. 

Height  of  wall  above  invert ...., 

Width  at  top  of  wall,  inside 

middle 

Height  of  middle  line  above  invert 

Width  at  edge  of  invert,  inside ' 

M  iddle  ordina te  of  invert 

Radius  of  invert 

*'         lower  side  walls .' 

Least  thickness  of  brick  paving 

Average  thickness  concrete,  estmd.,  under  paving 

Least  thickness  concrete  side  walls 

Average  thickne&s  concrete,  estmd.,  in  side  walk 

Maximum  depth,  prescribed  excavation , 

"  width,  prescribed  excavation 

Width  at  invert,  prescribed  excavation 

"       middle  prescribed  excavation .' 


Section 

Size 

A. 


X0.83 

Z2.I7 

4-75 

11.35 
X.X7 
14.0 


8  in. 
Z8  in. 
16  in. 


xa.8 
14.3 
13.  a 


A. 


6.75 

19. S 
Za.17 

4-75 
iz.o 
X.17 

13.0 
33.5 
4  in. 

4  in. 

Sin. 

ao  in. 

13.3 

13-8 

X3.3 

X3.S 


Section 

Size 

B. 


XS-3S 

X6.83 

6.93 


«S.35 

90.5  . 

ao.^ 

8.43 


8  in. 
13  in. 
x6  in. 


X7.3 
X8.9 

»7-3 


B. 


10. o 

'7-33 
X6.83 

7.0 
xs.o 

X.5 


«9-S 
30.5 
4  in. 

4  in. 

8  in. 

aoin. 

16.7 
xb.7 
16.3 

x8.3 


Section 

Size 

C. 


ao.o 

33.0 

9.0 

30.0 

X.8 

98.0 

38.0 

IZ.O 


8  in. 

13*  in. 
so  in. 


3a.6 
94.0 

23. o 


13.0 

33.7 
23. 0 

9.0 

19.5 

x.8 

37.0 
38.0 
4  in. 

4  in. 

8  in. 

aoin. 

ai.3 
34.0 
ao.8 

33.3 


To  fit  certain  conditions,  the  grade  in  the  tunnel  portion  of  the  Wachusett  Aqueduct  was  made  lighter  than 
that  of  the  "Cut  and  Cover"  portion ;  and  then  to  compensate  for  the  decreased  velocity  due  to  the  decrease  in 
l^ade,  as  well  as  for  that  due  to  the  greater  roughness,  fair  to  be  expected,  in  the  brick  lining  of  tunnels,  the  width 
in  the  clear  of  the  lined  section  was  made  8  inches  greater,  and  the  depth  inside  4  inches  greater  than  for  the 
corresponding  "  Cut  and  Covei^ "  Aqueduct,  thereby  making  the  tunnel  section  nearly  equivalent  in  hydraulic 
capacity  to  *'  Cut  and  Cover  "  work  on  the  same  gradient. 

The  same  finished  inside  dimensions  have  been  followed  above  in  Section  "  A  "  as  for  the  Wachusett  Aquo* 
duct.  For  Section^  "  B  "  and  "  C  "  the  dimensbns  of  the  finished  inside  of  the  lined  arched  tunnel  are  made  the 
same  as  for  the  "  Cut  and  Cover  "  Aqueduct,  for  convenience  in  comparing  the  hydra  ulic  factors. 
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Table  No.  46. 

Hydraulic  Elements  of  Aqueduct  and  Tunnel  Sections. 


"  Cut  and  Cover"  Masonry  Aqueduct, 

(Dimensions  provisional  for  purposes  of  estimate.) 
The  sectional  drawings  represent  Section  B  to  scale. 

Mean  of  maximum  width  and  depth,  feet 

Total  area  of  section,  inside  of  lining,  square  ieet 

Diameter  of  circle  of  equal  area,  feet 

Depth  of  water  for  maxunum  delivery  (about),  feet 

Area  of  section  at  depth  of  maximum  delivery  (about),  square  feet 

Diameter  of  full  circle  of  equal  hydraulic  capacity,  with  same  smoothness 
of  walls,  feet 

Hydraulic  mean  radius  at  depth  of  maximum  delivery 

Hydraulic  factor  '*  n  "  in  Kutter  formula  (assumed  like  Sudbury) 

Corresponding  coe£Gctent  *'  C  "  with  slope  x  foot  per  mile 

Mean  velocity,  with  slope  x.o  foot  per  mue,  f.p.s 

Flow  in  million  gallons  per  24  hours  at  maximum  depth,  slope  0.50  per  mile 
"  "  "  0.80     " 

"  ..  .«  J  ^o     «. 

"  «  <(  ,00      i. 

"  "  "  2.50      " 

"  "  ••  3.00      " 

•«  «  <i  ^^      «« 


Lined  Masonry  Tunnel, 

Sections  B  and  C  ol  same  size  of  finished  waterway  as  "  Cut  and  Cover  " 
Aqueduct. 

For  equal  capacity  under  same  slope,  with  same  depth,  the  width  needs 
to  be  made  about  7  per  cent,  greater  than  for  "  Cut  and  Cover  "  construe 
tion,  to  allow  for  effect  of  greater  roughness  of  lining  upon  flow. 


Mean  of  maximum  width  and  depth,  feet 

Total  area  of  section,  inside  of  lining,  square  feet 

Diameter  of  circle  of  equal  area,  feet 

Depth  of  water  lor  maximum  delivery  taken  same  as  "  C.  and  C."  aqueduct, 
about,  feet 

Area  of  section  at  depth  of  maximum  delivery,  about,  square  feet 

Diameter  of  full  circle  of  equal  hydraulic  capacity,  vrithsame  smoothness.. 

Hydraulic  mean  radius  at  depth  of  maximum  delivery 

Hydraulic  factor  "  n  "  in  Kutter  formula  (assumed  like  New  Croton) 

Corresponding  coefHcient  "  C,"  with  slope  z  foot  per  mile 

Mean  velocity,  with  slope  i  foot  per  mile,   f.  p.  s 

Flow  in  million  gallons  per  24  hours  at  max.  depth  above,  slope  0.50  per  mile 

0.80      •* 

x.oo      " 
"  *•  "  X.50      " 

"  "  "  2.00      " 

u  (.  .«  g^Q      ». 

"  3.00      " 


Section  of 

Size 

A, 

Same  Size  as 

Wachuastt. 

Section  of 

Size 

B, 

Same  as 

Drawn. 

Section  of 
Size 

c, 

Proportional 
to  Section  B. 

1 
xt.o 
XC0.8 

16. 1 
214. 

9(.0 

366. 

".33 
9-95 

16.5 
X4.S 

21. 6 

18.9 

99.0 

311. 

358. 

II. s 

16.8 

31.9 

3-»7 
.0125 

4.64 
.0x25 

6.0s 
.0x25 

MS. 
355 

152. 
4-50 

X57- 
530 

x6i. 
203. 

434. 

549- 

865. 
1095. 

226. 
278. 

614. 
75«. 

X290. 
X5OO. 

3ai. 
358. 

866. 
968. 

1720. 
1920. 

39a. 
458. 

1060. 

Z220. 

2ZOO. 
2415. 

Tunnel  A  is 

Larger  Than 

*•  Cut  and 

Cover." 

Same  as 

Wachusett. 

A. 

B. 

c. 

XZ.50 
108. 

16. X 
2x4. 

21. 0 
366. 

X1.7 

16.5 

9Z.6 

9-95 

14.5 

18.9 

X04. 
Z1.9 

211. 

x6.8 

358. 

2X.9 

3.28 
.0x40 

4.64 
.0x40 

6.02 
.0140 

132. 
3-39 

138. 
4.09 

142. 
4.79 

157. 

199. 

395. 
498. 

783. 
990. 

222. 

272. 

557. 
683. 

XI05. 
»355. 

3x6. 
350. 

m\ 

1560. 
X740. 

383. 
440. 

960. 

XXIO. 

1910. 
22x0. 
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Table  No.  46 — Continued. 

Hydraulic  Elements  for  Tunnel  Sections. 


UnHtud  Tuntul.    {Bottom  Paved.) 


Of  same  sixe  in  excavation  as  for  lined  tunnel  in  sound  rock.  Dimen- 
sions for  hydraulic  purposes  estimated  to  half-way  between  prescribed 
line  and  actual  rock  wall,  equivalent  to  six  inches  outside  of  prescribed  line 
for  sound  rock,  as  shown  on  drawing. 


Depth  of  water  for  max.del.  taken  same  as  "  C.  and  C."  Aqueduct  (about)  ft. 
Area  of  section  at  depth  of  maximum  delivery  (about),  square  feet 

Hydraulic  mean  radius  at  depth  of  maximum  delivery 

Hydraulic  factor  "  n "  in  Kutter  formula,  derived  from  Sudbury  and 
Wacbusett  unlined  tunnels  when  only  half  filled,  and  corrected  to  allow 
for  probable  value  at  full  depth 

Corresponding  coefficient  **  C/'  with  slope  one  foot  per  mile 

Mean  velocity  for  slope  of  one  foot  per  mile,  f.p.s..... 

Flow  in  million  gallons  per  94  hours  at  maximum  depth,  slope  0.50  per  mile 
M  «  «.  o  80      " 

••  .»  ..  ,.00      " 

X.50      " 

"  9.00      " 

••  ••  "  9. so      " 

3.00      " 
«  ^00      " 

Tunnol  -with  Sitie  Lining* 

T,  Bottom  paved,  no  arch  in  top. 

Area  of  wet  section  to  top  of  wall,  square  feet 

Hydraulic  mean  radius  at  this  depth 

Hydraulic  factor  "  n  "  in  Kutter  formula,  assumed  larger  than  for  brick 

lining  to  allow  lor  possible  extra  roughness  of  concrete 

Corresponding  coefficient  *'  C,"  with  slope  one  foot  per  mile 

Flow  in  million  gallons  per  94  hours,  slope  one  foot  per  mile. 

Ratio  to  flow  of  "  Cut  and  Cover  "  Aqueduct  at  maximum  depth 

Depth  for  maximum  delivery  assumed  same  as  lined  tunnel 

Area  of  section  at  depth  of  maximum  delivery,  square  feet 

Hydraulic  mean  radius  at  this  depth 


Hydraulic  actor  "  n  "  in  Kutter  formula  (with  space  P  filled) 

Corresponding  coefficient  "  C,"  with  slope  one  foot  per  mile 

Mean  velocity  for  slope  of  z.o  foot  per  mile,  f.  p.  s 

Flow  in  million  gals,  per  94  hours  at  max.  depth  assumed,  slope  z.o  per  mile 


«« 

(« 

■  t 

«-5 

It 

«« 

«( 

(< 

9.0 

It 

«« 

tt 

tt 

9-5 

f« 

<( 

t« 

«< 

3-0 

»t 

(I 

<« 

(« 

4.0 

«( 

Section  of 

Size 

A. 


9-95 
198. 

3-89 

.oa8 

68. 
Z.85 

109. 
X38. 

185! 

9x5. 
940. 

960. 
300. 


73- 
3-94 


.0x5 

199. 

•693 

9-95 
xio. 

3-74 


Section  of 

Size 

B. 


»<.5 
941. 

5.16 


•098 


73* 
9.98 


959. 

3x8. 

355- 
435* 

500. 
560. 

690. 
7x0. 


X56. 
4.78 


.0x5 


X79. 

39*  • 
.633 

»4-5 
939. 

5-4» 


With  ca  I  re    to    keep  concrete 


Section  of 

Size 

C. 


18.9 
411. 

6.77 


.098 

76. 
9.74 

5x5. 
650. 

795- 
890. 

X030. 
XX50. 

S96o. 

X460. 


969. 
6.x6 


.015 
X33. 

769. 
.696 

18.9 
405. 
7.09 


centres  sm<ooth  and  kn 
any  bad  pr*  ejections  ab 
quantities  cjould  proba 
xo^  greater  I  or  same  as  f 
Cover. 


.0170 


1x0. 

9-93 
910. 

960. 
300. 

330' 
^65. 

490. 


.0170 


X17. 

3.7s 
560, 

690. 
800. 

890. 
975- 

I190. 


ocking  of! 
ove  P  these 
biybe  made 
or  Cut  and 


.0x70 


X9X. 


4.49 
xx6o. 


1490. 

X65C, 

1840. 

9090. 
9330. 
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CAPACITY    AND    COST 

Under    Average     Conditions.      Subject    to     Modification,     According    to 

Special    Structures^ 

(For  Preliminary  Estimates  in  Reconnaissance,  N.  Y.  W.  S., 

Table 

Costs  (per 

Estimated  Cost  of  Grading  for 

Basis — ist.  A  computation  of  quantities  and  costs  at  fair  average  prices  for  the  "  Ideal  Section  *'  ;| 

all  excavation  in  dry  earth  on  level  ground  ;  the  depth  of  cut  such  that  back-filling  I 
balances  excavation. 


2d.  An  analysis  by  Horace  Ropes,  C.  E.,  of  the  ratio  of  actual  quantities  and  costs  found 
upon  representative  sections  of  the  Wachusett  (Boston)  Aqueduct  to  those  for  the 
•*  Ideal  Section." 


3d.  A  hasty  reconnaissance  by  Horace  Ropes,  C.  E.,  Assistant  Engineer  on  Wachusett 


Actual  unit  prices  per  contract  on  the  Wachusett 
Aqueduct  were  lower  than  these  herein 
assumed. 


Approximate    lengths,    class    and    approximate 
depths 


Actual  quantities  figured  at  fair  average  prices,  as 
given — 

Earth  excavation,  at  $0.35  per  cubic  yard 

Earth  borrow,  at  0.30  "  

Rock  excavation,  1.50  '*  

Actual  cost  of  grading  per  linear  foot  of  aque-  ) 

duct f 

Ratio  to  cost  of  "  Ideal  Section  " 


Sec  ton  4. 
An  "  Easy  Section.' 


Approx. 
per  cent. 

ot 
Length. 


so 

20 

8 

22 


Character. 


Earth 

Rock 

Embankment 

Earth 


Average 

Depth, 

Cut  or 

Fia. 


xo  feet. 
8 

3 


ao 


•« 

«c 

4« 


Section  5. 
An  *'  Easy  Section.' 


Approx. 
percent. 

of 
Length. 


30 
80 

10 
40 


Character. 


Earth 
Rock 
Earth 


Average 

Depth, 

Cut  or 

Fill. 


xo  feet. 

half 
23  feet. 

17    " 


Cubic  Yards. 

13 '77 
4-43 
0.45 


Cost. 

$4  82 

X  3^ 
68 


«6  83 
I  798 


Cubic  Yards. 
X  3.203 
5.57a 
0572 

Cost. 
$4  62 
X  67 
086 

•  «  •  • 

■  •  •  • 

l7  15 
X  88 

A  further  study  was  also  made  by  Mr.  Ropes  with  scale  drawings  of  Section  "  B "  with  various  assumed 
depths  and  side  hill  angles. 

Conclusion.—  For  a  general  average  of  conditions  found  along  the  lines  of  proposed  "  Cut  and  Cover''  Aque-j 
ducts  from  Sodom[reservoir  to  proposed  terminal  "  High  Pressure  "  reservoir  at  Park  Hill,  also  for  average  conditions 


Basis  of  Estimating  Costs. 
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OF    LARGE    AQUEDUCTS. 

toughness    of    Country,    Costs    Exclusive   of    Land    damages,     Shafts^ 
Surveys  and  Supervision, 

by  J.  R,  Freeman,  C.  E.     December,  1899-February,  1900.) 


No.  47. 

Linear  Foot). 

**  Cut  and  Cover  **  Aqueducts. 

Aqueduct  Construction,  over  a  large  part  of  the  proposed  lines  from  Sodcm  Reservoir 
to  New  York  City  limits,  and  over  representative  portions  of  lines  northerly  from 
Croton  Lake  to  Poughkeepsie,  etc.,  for  purpose  of  comparing  roughness  of  country 
and  probable  qualify  and  cost  of  excavation  with  those  with  which  he  was  familiar  along 
the  Wachusett  and  Weston  Aqueduct  Lines. 

Taking  four  representative  sections  of  Wachusett  Aqueduct,  Mr.  Ropes  found  from  the  **  final 
estimates  "  for  paying  contractors,  in  comparison  with  the  **  Ideal  Section  "  of  earth  excavation, 
9.5  feet  deep,  as  follows  : 


Section  6a. 

Section  6b. 

Section  7. 

Section  ic. 

Rather  Heavy  Earth  Work. 

Heavy  Rock  Work, 

Heaviest  Earth  Work. 

Long  Deep  Cut. 

Approx. 

Average 

Approx. 

Average 

Approx. 

Averaee 
Depth. 

Approx. 

Average 

per  cent. 

Character. 

Depth, 

percent 

Char- 

Depth, 

percent.     p»,,„^,,. 

percent. 

Char- 

Depth, 

of 

Cut  or 

of 

acter. 

Cut  or 

of 

Cut  or 

of 

acter. 

Cut  or 

Length. 

FiU. 

Length. 

Fill. 

Length. 

Fill. 

Length. 

FiU. 

20 

Earth 

fo  feet. 

50 

Earth 

10  feet. 

35 

Earth 

xo  feet. 

30 

•« 

16     '' 

t 

xo 

Earth 

xo  ieet. 

30 

Embankment 

19       " 

40 

Rock 

8     " 

10 

t« 

24 

i« 

80 

it 

16    " 

20 

Earth 

22       *• 

85 

i« 

X2      " 

10 
10 

Embankment 

JO      * 

« 

10 

Rock 

6    " 

20      1         Rock 

8     " 

Cubic  Yards. 

C 

^OSt. 

Cubic  Yards. 

Cost. 

Cubic  Yards. 

C 

lost. 

Cubic  Yards. 

Cost. 

XX. 15 

I 

13  90 

15.01 

$5  as 

•  ■  »  • 

•  • . . 

22.98 

$8  04 

X8.99 

5  70 

1.2X 

36 

•  •  •  • 

» .  • . 

1-3^ 

40 

0.055 

i 

0  08 

3-X9 

4  79 

•  •  •  • 

* . . . 

0.90 

I  JS 

•  •  ■  • 

►9  68 

•  •  •  • 

510  40 

•  •  •  • 

. . .  • 

•  •  •  • 

$9  75 

■  • 

*  % 

a  60 

•  ■  • 

1 

2  74 

■  •  •  • 

■ . . . 

.... 

2  575 

from  Croton  I^ke  northerly  to  Poughkeepsie,  and  subject  to  additions  for  siphons,  extraordinary  embankments  and 
bridges,  the  cost  of  grading  is  taken  at  three  times  the  cost  of  grading  the  "  Ideal  Section." 

Cost  of  excavating  "  Ideal  Section  "  :    A  (Wachusett) — I3.80X  3=^1 1.40;  B — 15.35x3=1x6.00 ;  C — f7.35x  3= 
$22.00  per  linear  foot. 


314 


Appendix  No.  5. 


CAPACITY    AND    COST 

Under    Average    Conditions.     Subjecls    to    Modifications^    According    to 

Special    Structures^ 

(For  Preliminary  Estimates  in  Reconnaissance,  N.  Y.  W.  S., 


Table 

Cost  of  Masonry  for 


In  dry  earth. 


\ 


Portland  concrete  arch,  at |6  per  cubic  yard 

American  concrete  walls  and  bed,  at 5  " 

Brick  lining,  at 13  *' 


Total  estimated  cost. 


In  wet  earth. 


On  embankment . 


In    dry   rode   cut    to  half 
depth 


In    wet   rock   cut  to  half 
depth 


Portland  concrete  arch,  at $6  per  cubic  yard 

American  concrete  walls  and  bed,  at 5  " 

Brick  lining,  at 13  '* 

Lumber • 


Total  estimated  cost. 


Portland  concrete  arch,  at $6  per  cubic  yard 

American  concrete  walls  and  bed,  at 5  *' 

Brick  lining,  at 13  '* 

Tie  rods (say) 


Total  estimated  cost. 


Portland  concrete  arch,  at $6  per  cubic  yard 

American  concrete  walls  and  bed.  at 5  '* 

Brick  lining,  at .  • 23  '* 


Total  estimated  cost 


Portland  concrete  arch,  at %6  per  cubic  yard 

American  concrete  walls  and  bed,  at 5  ** 

Brick  lining,  at 13  " 


Total  estimated  cost 


Mean  estimated  cost  adopted , 


Total  cost,  average  conditions,  including  excavation  and  masonry, 


Section  A. 


Cu.  Yds. 
0.9x1 

1.334 
0.249 


0.9XZ 

Z.70 

0.387 


o.9zt 

2.399 
0.249 


0.9ZZ 
0.966 
0.249 


0.9ZT 

"•43 
3.87 


Cost. 
3  84 


1*5  33 


Is  47 

8  50 

5  o? 

o  76 


$19  76 


*S  47 

zz  65 

3  »4 
30 


|so  66 

is  47 

4  83 
3  a4 

in  54 

is   47 
7  IS 

S  03 

*I7  65 


$z6  67 


$2807 


Exam f  Us  /or  comparison  : 

Sudbury  Aquhduct. — Built  in  Z876-7,  '*  Cut  and  Cover  "  type,  '•  Horseshoe  "  form. 

Maximum  width,  9.0  feet ;  maximum  height,  7.7  feet ;  diameter  of  circle  of  equal  area,  8.5  feet ;  diameter  of 
circle  of  equal  hyd.  capacity,  8.75  feet. 

Delivery  by  experiment  when  clean,  with  slope  z.o  foot  per  mile,  =  Z09  million  gallons  in  24  hours. 

Average  contract  cost  of  zi  sections,  covering  about  zz  miles,  excluding  sections  containing  tunnels  and  special 
structures,  not  including  cost  of  land  or  supervision,  $23.86  per  linear  foot  =  $126,000  per  mile. 


Basis  pF  Estimating  Costs. 


m 


*  ^ 


4  V. 


OF    LARGE    AQUEDUCTS. 

toughness    of   Country^    Costs 
Surveys  and  Supervision, 


Exclusive    of    Land    (Damages,    Shafts, 


by  J.  R.  Freeman,  C.  E.     December,  1899-February,  1900. 
No,  47. — Contijiued. 

**  Cut  and  Ccrvtr'*'^  Aqueducts. 


Section  B. 

Cu.  Yds. 
X.624 
a.  477 
0.358 

x.634 
2.690 

0.556 

1.634 

4-"3 
0.358 

x.6a4 

X.X90 

x.6a4 
i.3i8 

Cost. 

$9  74 
13  39 

4  OS 

«26-  78 

S9  74 

13  45 

7  83 

X    XX 

l3«  53 

I9  74 

90  57 

465 

40 

l35  36 

$9  74 
14  56 

$94  30 

«9  74 
17  «3 

|a6  87 

lay  8a 


I4387 


Section  C. 


Cu.  Yds. 
a. 548 
4.160, 
0.464 


a.548 
4-255 
0.724 


Cost. 

$X5  29 

ao  80 
6  03 


$42    «2 


*I5  29 

ax  28 

9  4« 
«  52 


$47  50 


3.548 
6-530 
0.464 


2.548 
I-340 


a.548 
X.600 


$54  57 


|?6  09 


S40  35 


$6a  40 


Remarks. 


Note. — Experience  shows  that  in  the  ordinary  rock  cut  to  half 
depth  the  savin^f;  in  masonry  very  nearly  offsets  the  extra  cost 
of  excavation  of  rock  over  earth. 


'  Relative  l?ngth4  of  different  kinds  adopted  for  average  country 
traversed  in  this  reconnaissance  :  Dry  earth,  ao  per  cent. ;  wet 
earth,  ao  per  cent. ;  dry  rock,  33  per  cent. ;  wet  rock,  ao  per 
cent. ;  embankment,  xo  per  cent. 

Per  mile  :    A — ^1x48,000 ;  B — $233,000 ;  C— $330,000.' 


Wachushtt  Aqueduct.— Built  in  1896-7,  "Cut  and  Cover,"  type,  ssme  as  Section  "  A  "  above,  6  miles  long. 

Actual  cost  for  total  of  all  contract  work,  exclusive  of  land,  preliminary  work  and  supervision,  about  $34  per 
foot  =  1x37,000  per  mi'e,  or  x6  per  cent,  less  than  per  estimate  above. 

The  actual  cost  of  preliminary  work,  supervision  and  land,  with  some  day  work  in  the  final  preparation  for 
use,  averaged  about  %%  per  linear  foot,  or  about  $a5,ooo  per  mile. 


21 


3i6 


Appendix  No.  5. 


CAPACITY    AND    COST 

Costs    Under  Average    Conditions^    Subject    to    Modification,    According 

Shafts,  Surveys 

(Prepared  for  Preliminary  Estimates  in  Reconnaissance  for  New  York  Water  Supply,  by 

Table  No.  47. — 

Estimated  Cost  of  Tunnels 
Lined  Tunnel,  Sections  "  J9"  and  "  C"  of  same  Siu 


Quantities  and  estimated 
costs  ol  rock  excava- 
tion and  masonry  per 
linear  foot,  including - 
compressor  p  1  a  n  t  p 
pumping,  hoisting  and 
contractors'  profits. 


Acttial  "  heading  "  excavation,  at $7  00  per  c.  y. 

"bench"  "  at 400 


i( 


Brick  lining  (est.walls  xa",  arch  i6"-i6"-ao")  13  00 

*'     badcing.at 650 

Rubble  backmg  (probably),  at 4  co 

Dry  packing  (probably),  at a  00 


•I 

«i 
t» 
*« 


Total  estimated  costs,  exclu«ive  of  shafts  and  supervision. 


Section  of  Sixe  A. 

Cu.  Yds. 

Cost. 

3-a 
4.0 

$22  40 

x6  00 

x.so 

X950 

0.35 
0.40 

X  62 
X  60 

x.oo 

3  00 

$63    12 

Unlined  Tunnel  with  Bottom  Paved,   of  s'ame 


Section  of  Size  A. 


Est'mated  cost  ot  excavation,  as  above 

Brick  paving  on  invert  (8"),  at $13  o^  per  cubic  yard 

"      backing  "  at 650 


Cu-  Yds. 

Cost. 

•  •  •  • 

0.3a 

0.30 

^3840 

4  t6 
I  30 

Total  cost,  exclusive  of  shahs,  supervision  and  land  damage. 


$4386 


Tunnel  with  Side  Lining,  with  Bottom  Paved,  with  no  Arch  in  Top,  but  left  in  Shape  so  that 

be  Run  at  60  per  cent. 


Estimated  cost  of  excavation — Heading,  at $7  00  per  cubic  yard 

"  Bench,  at 400  *' 

Brick  paving  on  invert  (4"),  at 1300  " 

Concrete  backing  under  invert,  at 6  50  " 

American  concrete  in  side  lining,  at 6  50  *' 

Portland  "  at 800 

Iron  work  and  drill  holes 


Total  estimated  cost  per  linear  foot,  exclusive  of  shafts  and  supervision. 


Section  1 

of  Size  A. 

Cu.  Yds. 

Cost. 

3-2 
0.16 

$33  40 

17  00 

3  08 

0.30 

0-434 
0.370 

3  82 
2   96 

95 

1        i. 

0  x6 

Examples  for  Compariwn  : 

Nbw  Croton  Aqueduct.— Built  in  x88a-9o,  Lined  Masonry  Tunnel,  ''Horseshoe"  form. 

Maximum  width,  13. 60  feet ;  maximum  height,  13. 53  feet;  diameter  circle  of  equiU  area,  14  feet:  diameter 
circle  of  equal  hyd.  capacity,  xi.iS  feet. 

Delivery  when  clean,  with  slope  0.70  per  mile,  =303  million  gallons  per  34  hours.  Same  section  when  clean 
with  slope  x.o  foot  per  mile,  should  deliver  413  million  gallons  per  34  hours. 


Basis  of  Estimating  Costs. 
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OF    LARGE    TUNNELS. 

to  Quality    of  ^ock  for  Tunneling,  Costs   Exclusive  of  Land  (Damages^ 

and  Supervision^ 

J.  R.  F&EEMAN,  December,  1899,  Mainly  from  Data  Furnished  by  Horace  Ropes,  C.  E.) 

Continued* 

IN  Fairly  Sound  Rock. 

oj  Finished  Waterway  as  *•  Cut  and  Cover  ^"^  Aqueducts » 


Section  of  Size  B. 

Section  of  Size  C. 

Remarlcs. 

Cu.  Yds. 

3-a 
9.1 

a.3x 

0.30 
0.50 
x.oo 

Cost. 

$33  40 

36  40 

30  03 

»  9S 
3  oq 

3  00 

Cu.  Yds. 

x6.x 
3.3a 

0.39 
0.64 

x.35 

Cost. 

$33   40 

64   40 

4X  60 

3  56 
3  50 

The  corresponding  contract  prices  per  cubic  yard  with  only  the 
prescribed  section  paid  for  must  average  from  30  per  cent,  to  40 
per  cent,  greater  than  these  for  contractor  to  recover  cost  of 
over-run. 

(  Cost  of  backing  assumed  to  be  fixed  by  contract  at  one-half  price 
<     of  Iming  to  six  inches  outside  of  prescribed  line  to  induce  care 
(     in  restricting  excavation  beyond  the  prescribed  line. 

«94  78 

u. 

36  QO 

Per  mile:  A— 1333,000;  B— $300,000;  C— $7x8,000. 

Size  in  Excavation  as  for  the  Lifted  Tunnel. 


Section  of  Size  B. 

Section  of  Size  C. 

Remarks. 

Cu.  Yds. 

A   •  •  • 

0.50 
0.30 

Cost. 

$58  80 
6  50 

»  95 

Cu.  Yds. 

a  •  a  • 

0.64 
0.39 

Cost. 

$86  80 
8  32 
a  54 

$6: 

1   25 

$9: 

^  66 

Per  mile:  A— $232,000;  B — $355,000;  C— $516,000. 

the  Arch  can  be  Added,  if  Necessary ,  in  10  or  20  Years  hence,  meanwhile  the  Aqueduct  to 
full  Capacity  or  Less. 


Section  of  Size  B. 

Section  of  Sue  C. 

Remarks. 

Cu.  Yds. 

Cost 

Cu.  Yds. 

Cost. 

3.3 

9-4 

0.35 

0.50 

o.68o 

0.630 

$23  40 

38  60 

3  95 
3  as 

4^ 
95 

3-a 

xb.4 

0.33 
0.64 
0.866 
0-744 

$32   40 
65   60 

4  x6 
564 

5  9S 

95 

Per  mile : 

A— $256,000  ; 

B— $4x2,000 ; 

C— $575iO0o. 

$7 

783 

$IC 

►8  8s 

See  Report,  189^,  p.  67.  Cost  horseshoe  sections  complete,  including  shafts,  70,4x5  feet  a  13.34  miles,  averaged 
$104.34  per  linear  foots  $55o,oco  per  mile.  Contract  prices  excludingland  and  supervision,  or  31  per  cent,  more 
than  for  same  capacity  per  above  estimate,  which  includes  shafts,  etc. 

Wachusett  Tunnbl. — Completed  in  1897.    Same  as  Section  "  A  "  above.   Two  miles  long  (half  lined  and  half 
unlined). 

Actual  total  cost  for  all  contract  work  (including  shafts)  averaged  about  $3^)  per  foot  »  about  $174,000  per  mile, 
or  38  per  cent,  less  than  per  estimate  above  ;  but  the  contractor  is  supposed  to  have  lost  ftioney. 


^iS  Appendix  No,  5. 

In  the  tunnel  lined  with  masonry  I  have  ventured  to  adopt  for  these 
preliminary  estimates,  slightly  larger  quantities  in  roCk  excavation  and  ^ 
somewhat  greater  average  thickness  for  the  brick  lining  than  are  given  in 
Mr.  Ropes'  estimates,-  fearing  lest  the  rock  along  th^  lines  now  to  be  con- 
sidered might,  on  the  whole,  prove  less  favorable  than  was  found  in  the  largie 
tunnel  completed  two  years  ago  under  his  supervision ;  and  also  bearing  in 
mind  the  high  cost  of  the  New  Croton  Tunnel,  constructed  1882-1890.  Mr. 
Ropes'  prices  per  cubic  yard-for  the  tunnel  excavation  and  its  masonry  lining 
are  materially  higher  than  the  actual  contract  prices  for  the  Wachusett 
Tunnel. 

Sidc-Lincd  Tunnel, 

I  have  included  an  estimate  for  a  new  type  of  tunnel  section  for  sound 
rock  in  which  only  the  sides  and  bottom  are  lined  and  in  w^hich  the  arch  is 
deferred  or  omitted,  and  have  followed  this  type  in  the  estimate  of  cost  of 
aqueduct  lines  for  those  localities  where  the  rock  is  firm  enough  to  stand 
without  lining  in  preference  to  the  unlined  tunnel,  for  two  reasons: 

1st.  Because  its  waterway  can  be  more  quickly  and  thoroughly  cleaned 
from  organic  growths.  The  importance  of  this  has  been  much 
impressed  upon  me  by  what  I  have  learned  of  the  collection  of  or- 
ganic matter  that  is  subject  to  decay,  in  the  upper  portion  of  the  Old 
Croton  Aqueduct  and  the  inference  that  a  similar  deposit  now  exists 
in  the  upper  portion  of  the  New  Croton. 

2d.  Because  of  the  very  great  frictional  resistance  to  the  flow  of  water  found 
in  the  unlined  portion  of  the  Sudbury  and  Wachusett  Tunnels,  not- 
withstanding the  floor  of  each  of  these  tunnels  is  smoothly  paved. 
This  increased  resistance  due  to  the  eddies  and  swirls  caused  by  the 
projections  and  irregular  faces  of  the  rough  rock  sides  of  the  tunnel 
lessens  the  carrying  capacity  so  much  in  comparison  with  that  of  a 
lined  tunnel,  that  the  economy  of  omitting  the  lining  is  more  appa- 
rent than  real.  This  use  in  sound  rock  of  a  side-lining  without  an 
arch,  merely  for  the  purpose  of  smoothing  up  the  wetted  perimeter, 
is  uncommon  if  not  novel,  and  therefore,  requires  some  further 
explanation. 

In  a  section  of  the  size  of  the  Wachusett  Tunnel,  or  Section  A,  Tables 

45,  46  and  47,  although  adding  this  side  lining  to  the  unline<i  paved  section, 

increases  the  cost  about  $6.30  per  lineal  foot,  or  $33,000  per  mile,  and  at  the 

.same  time  lessens  the  area  of  the  waterway  about .  14  per  cent.,  all  avail- 
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able  hydraulic  data  concur  in  leading  us  to  believe  that  the  smoothing  up  of 
the  side  walls  would  increase  the  water  carrying  capacity  under  a  given 
gradient  or  slope  in  a  much  greater  degree,  making  it  equal  in  carrying 
capacity  to  the  lined  masonry  tunnel;  so  that  in  effect  the  cost  of  the  side- 
lined tunnel  for  a  given  capacity  would  be  the  same  as  for  the  unlined  tunnel, 
while  the  side-lined  tunnel  would  present  the  advantage  of  being  much  more 
easily  cleaned. 

Diagram  No.  66  shows  that  the  side-lined  tunnel  to  carry  250  million 
gallons  per  day  with  a  fall  of  2.0  feet  per  mile,,  would  cost  $248,000  per  mile, 
and  have  a  diameter  of  excavation  to  the  "  prescribed  line  "  averaging  12.25 
feet,  while  the  unlined  tunnel  to  be  of  equal  capacity  must  have  2.0  feet  greater 
diameter  of  excavation  to  the  "  prescribed  line "  and  would  cost  about 
$249,000  per  mile. 

It  can  be  seen  by  a  study  of  Diagram  No.  66,  that  with  the  larger  sec- 
tional areas  required  by  lower  grades  or  larger  volumes,  the  introduction  of 
the  side  lining  leads  to  a  positive  saving  in  cost,  when  both  tunnels — side- 
lined and  unlined — are  made  of  such  relative  size  as  to  convey  equal  quan- 
tities of  water  on  the  same  slope.  For  example,  if  500  million  gallons 
were  to  be  brought  in  with  a  slope  of  one  foot  per  mile,  the  unlined  tunnel 
under  average  conditions  would  cost  about  $425,000  per  mile.  The  side- 
lined tunnel  would  under  the  same  average  conditions  cost  about  $390,000 
per  mile,  and  thus  save  about  $35,000  per  mile,  besides  being  more  easily  kept 
clean.  The  average  diameter  of  prescribed  excavation  for  this  unlined  tunnel 
must  be  about  20.35  ^^^^'  The  average  diameter  of  prescribed  excavation 
for  this  side-lined  tunnel  need  be  only  about  16.70  feet.  It  may  at  first  sight 
appear  paradoxical  that  a  section  of  14  per  cent,  less  area  will  carry  40  per 
cent,  more  water  merely  because  of  the  smoothness  of  its  lining,  but  during 
my  service  under  Hiram  F.  Mills,  C.  E.,  I  had  opportunity  to  see  a  similar 
question  put  to  the  proof  in  the  lining  of  certain  long  wooden  flumes,  in 
which,  under  his  direction,  the  friction  loss  was  greatly  diminished  and  the 
capacity  increased  while  reducing  the  diameter  by  a  2-inch  smooth  plank 
sheathing  placed  inside  the  yokes  or  frames  which  were  built  inside  the 
original  planking  of  the  flumes.  While  we  have  no  experimental  data  on 
the  hydraulic  factors  for  an  unlined  tunnel  flowing  full,  I  believe  that  the 
factor  of  roughness  would  be  found  more,  rather  than  less,  than  the  figure 
which  I  haye  adopted  and,  on  the  other  hand,  it  should  not  be  difficult  to 
obtain  a  smoother  surface  for  the  concrete  side  lining  than  that  allowed  for  in 
the  value  adopted  for  the  hydraulic  factor  n  in  Table  No.  45.  Possibly  because 
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of  this  side  lining  in  a  hydraulic  tunnel  being  novel,  some  question  may  be 
presented  regarding  the  tendency  of  infiltration  water  to  collect  behind  it, 
but  from  discussing  this  matter  with  an  engineer  experienced  in  tunnel  and 
aqueduct  work  I  feel  reassured  that  these  isolated  leaks  would  take  care  of 
themselves,  before  the  cement  had  set,  by  washing  out  enough  of  the  finely 
ground  particles  of  cement  from  between  the  particles  of  sand  and  broken 
stone  to  afford  a  safe  passage  for  the  infiltration,  while  the  centres  would 
retain  the  coarser  particles.  At  well-defined  leaks,  drain  channels  or  weepers 
would  be,  of  course,  provided. 

It  will  be  noted  that  while  having  a  minimum  thickness  of  only  8  inches, 
the  average  thickness  of  these  side  linings  is  about  20  inches,  which  with 
such  adhesion  of  the  cement  to  the  rock  faces  as  could  be  secured  by  a  little 
care,  would,  it  is  believed,  give  ample  stability;  but  to  be  on  the  safe  side, 
the  cost  of  the  cap  irons  and  heavy  studs  shown  in  the  section  Fig.  62  are 
added. 

The  details  of  all  these  quantities,  unit-prices  and  hydraulic  factors  are 
presented  with  fulness  in  Tables  45, 46  and  47,  in  order  that  the  basis  of  these 
estimates  can  easily  be  verified  by  any  engineer  familiar  with  this  class  of 
work. 

Large  Steel  Conduits — Construction,  Cost  and  Water-Carrying  Capacity. 

In  nearly  all  of  these  aqueduct  lines  it  has  appeared  expedient  to  make 
use  of  more  or  less  large  steel  pipe  for  siphons  in  crossing  valleys.  Certain 
of  the  possible  supplies  for  Greater  New  York,  for  example,  that  from 
Esopus  Creek,  proposed  by  the  Ramapo  Company,  can  be  brought  in  only 
by  means  of  long  lines  of  steel  pipe  conduits  similar  to  those  through  which 
the  East  Jersey  Water  Company  brings  the  Poquannock  water  to  Newark 
and  Jersey  City,  but,  of  course,  of  much  larger  diameter. 

To  bring  the  estimates  for  the  several  plans  to  a  common  basis,  the 
following  tables  were  prepared  and  used,  with  such  additions  as  appeared 
proper  for  the  extra  roughness  of  country,  the  special  structures  or  the  short 
length  of  any  particular  line. 

The  reliability,  utility  and  economy  under  certain  conditions,  of  prop- 
erly constructed  large,  steel  pipe  conduits  are  now  thoroughly  established. 
The  worst  thing  that  can  be  said  against  them  is  their  cost,  which  for  the  large 
capacities  of  250,  500  and  750  million  gallons  per  day,  that  we  have  to  con- 
sider, is  more  than  double  the  cost  of  a  masonry  aqueduct  in  "  cut  and 
cover." 
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Dlacrram  67.   (Prom  Table  No.  4-8.} 

COST  OF  STEEL   PIPE   LINES.  PER   MILE 

For  a  Given  Diameter  and  Thiokness. 

Including  cost  of  pipe  and  grading ;  also  fittings  and 

small  culverts.     Not  including  Land  Damages. 

Special  Structures  or  Supervision. 
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DELIVERY,  CLEAN  AND  FOUL,  IN  MILLION  GALLONS  PER  24  HOURS. 
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DIafirram  68.   (From  Table  No.  49.) 

■  DELIVERY    OF    STEEL    PIPE    LINES 
For  Various  Diameters  and  Slopes. 

Smooth  Interior.    Countersunk  Rivets.    Butt-joints  on  Round- 
about Seam. 

Coefficient  of  Flow.    Per  Kutter  Formula : 

Roughness  Factor,  Clean n->o.oxx 

Foul n~aoz6 
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DELIVERY,  CLEAN  AND  FOUL,  IN  MILLION  GALLONS  PER  24  HOURS. 


$200p000. 


Diagram  60.    (From  Tables  Nos.  48  and  40.) 
Cost  Per  Mile  for  Steal  Pipe  Conduftt  of  Varlout  Capacities,  According  to  Slope  and  Condttloii. 

Costs  include  grading  and  6ttings.    Under  average  conditions.    Fire  Box  Steel,  8.50.  per  Ih. 

Design,  material  and  workmanship  all  of  the  very  best  quality. 

Coeffideot  of  Flow.    Roa^ness  Factor,  Kutter  Formula :  Clean,  n*  .0x1 ;  FooL  a—  .0x6. 
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In  ord«r  to  give  proper  credit  to  the  advantage 
of  several  lines  of  Steel  pipes  over  a  masonry 
aqueduct  due  to  the  fact  that  the  steel  pipes  can 
be  added  one  by  one  as  the  demand  increases, 
while  the  masonry  aqueduct  or  tunnel  must  be 
buiK  full  size  from  the  start. 

These  two  lines  for  costs  of  steel  pipes  have 
their  costs  computed  on  the  assumption  that  the 
7  ft.  pipes  are  to  be  put  in  2  at  first  and  others 
added  2  at  a  time,  at  intenrals  of  8  years,  Each 
pair  carrying  132  mil.  gals,  per  day  together  when 
foul  or  244  mil.  gals,  when  clean.       This  corre- 
sponds to  the  demands  of  an  annual  increase  of 
J|L  »  16.5  mil.  gal.  per  year,  in  daily  consump- 
tion. 

For  the  9  ft  pipes  it  is  assumed  that  one  9  ft. 
pipe,  capacity  188  mil.  gals,  per  day  when  clean 
or  1 29  mil.  gals,  when  foul,   if  subject  to  same 
impairment  of  capacity  found  in  steel  pipe  above 
Pompton,  N.  J  after  4  yrs.  service,  is  put  on  or- 
iginally and  other  9  ft  pipes  added  one  at  a  time 
at  intervals  of  8  yrs.  corresponding  to  a  yearly 
growth  in  consumption  of  .1|^  —  16.1  mil.gals.per 
day. 

One  9  ft.  pipe  has  very  nearly  the  capacity 
of  two  7  foot  pipes. 

Note :    While  fbe  carves  for  the  Aqueducts  and 
Tnnnels  are  continuous,  tboee  for  the  pipvs  merely 
serve  to  connect  the  iMlated  points  -  corrusponding 
to  1-8-3  or  more  pipes  of  the  given  size. 
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FLOW  IN  MILLION  GALLONS  PER  24  HOURS  -  WITH  AQUEDV 
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)T  CLEAN.  AND  HYDRAULIC  GRADIENT  2.00  FEET  PER  MILE. 
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For  example — 


Steel  condaits  of  capacity  safficient,  after  the  interior  has  become  rough  by 
age  or  neglect,  to  convey  200  million  gallons  per  24  hours,  with  2  feet 
fall  per  mile,  and  steel  at  2^  cents  per  pound,  woiild  cost,  complete  in 
place,  for  two  steel  pipes,  8  feet  3  inches  diameter,  of  least  allowable 
thickness  {}i  inch),  about $284,000  per  mile 

A  masonry  aqueduct  of  the  very  highest  type  of  construction  in  **  cut  and 
^*  of 


cover  "  of  200  million  gallons  capacity  when  foul,  or  230  million  gallons 

capacity  when  clean,  10. 1  feet  in  diameter,  would  cost  about 133,000 

A  linea  masonry  tunnel  of  same  grade  and  capacity 298,000 

Land  damages  or  supervision  not  being  included  in  either  case. 

If  one  seeks  a  future  supply  of  500  million  gallons,  with  i  foot  per  mile  grad- 
ient, and  a  surplus  of  15  per  cent,  in  capacity  when  new  to  provide  for 
an  impairment  like  that  now  existing  in  the  New  Croton,  the  masonry 
aqueduct  in  **  cut  and  cover  "  will  cost  about 225,000 

And  the  fully  lined  tunnel  under  average  conditions ^ .  •       508,000 

While  with  two  9-foot  steel  pipes  at  least  admissible  thickness  (f^  inch)  con- 
structed immediately,  and  three  others  added  successively  at  eight-year 


intervals,  or  five  pipes  in  all,  and  a  delivery  of  100  million  gallons  each 
in  impaired  condition,  and  the  cost  of  each  future  pipe  discounted  to 
present  value  at  3  per  cent,  compound  interest,  would  amount  to 601,000 


« 


This  great  difference  in  cost  is  shown  on  Diagram  No.  70. 

The  effort  has  therefore  been  to  use  as  little  steel  pipe  as  possible,  and 
to  make  the  largest  possible  portion  of  the  aqueduct  line  in  "  cut-and-cover  " 
masonry,  similar  to  the  Wachusett  and  Sudbury  conduits  of  the  Boston 
supply. 

Type  of  Construction  of  the  Steel  Conduits. 

The  design  upon  which  the  following  estimates  of  cost  are  based  is  one 
which  I  had  occasion  to  work  out  for  another  problem  five  years  ago,  and 
while  this  is  a  more  elaborate  and  expensive  type  of  construction  than  fol- 
lowed for  the  Rochester,  East  Jersey,  Allegheny,  Cambridge  or  New  Bedford 
pipes,  I  believe  the  extra  life  and  the  additional  carrying  capacity  for  a  given 
diameter  that  can  be  gained  by  this  design,  amply  justify  its  greater  cost.  In  a 
preliminary  estimate  resting  on  such  scant  surveys  as  I  have  had  opportunity 
to  make  in  the  present  instance,  it  has  moreover  appeared  prudent  to  base  the 
unit  prices  upon  that  type  of  construction  which  has  highest  first  cost,  if 
cheapest  in  the  end. 

This  conduit  should  be  built  of  soft,  ductile,  "fire-box"  steel,  of  the  same 
quality  as  used  for  the  most  difficult  situations  in  high  grade  steam  boilers,  a 
steel  with  a  tensile  strength  of  60,000  pounds  per  square  inch,  an  elastic  limit 
of  30,000  pounds  per  square  inch,  and  of  which  a  specimen  strip  eight  inches 
long  will  stretch  25  per  cent,  in  length  before  rupture,  and  so  soft  and 
t'^nacious  that  a  plate  half  an  inch  thick  may  be  bent  back  on  itself  cold  and 
hammered  down  flat  without  showing  a  sign  of  a  crack  or  fracture  of  the  fold. 
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It  is  proposed  to  proportion  the  strength  against  bursting  and  the  strength 
of  the  riveted  joints  on  the  same  basis  that  is  used  in  designing  the  best 
grade  of  steam  boilers;  namely,  with  a  factor  of  safety  of  2 J  on  the  elastic 
limit  so  that  the  pressure  required  to  burst  the  pipe  would  be  about  five  times 
the  greatest  working  pressure,  and  it  is  proposed  to  add  to  the  necessary 
thickness  of  the  steel  plate  as  thus  computed,  1/16  inch  (or  under  certain 
considerations  i-8  inch),  as  a  further  allowance  for  possible  thinning  of  the 
plates  by  rust  after  many  years  of  service.  '  But  it  is  proposed  to  "rust-proof" 
this  steel  -conduit  inside  and  out  by  a  thick  coating  of  asphalt  put  on  by 
immersing  each  of  the  30-foot  sections  in  which  the  pipe  would  be  made  up,  in 
a  tank  of  boiling  hot  asphalt  varnish,  or  some  other  approved  substance,  and 
to  protect  this  external  asphalt  coating  against  abrasion  during  transportation 
to  the  trench  and  during  placing  and  back-filling — where,  when  buried,  it 
can  never  again  be  reached  for  re-painting — probably  by  winding  each  section 
of  the  pipe  with  creosoted  burlap  while  the  asphalt  is  still  hot  and  adhesive. 
As  a  further  protection  against  corrosion,  and  to  make  sure  of  the  adhesion 
of  the  rust-proof  coating  to  the  surface  of  the  steel,  and  that  no  rust  can 
start  beneath  it,  it  is  proposed  to  pickle  all  of  the  plates  at  the  pipe-making 
shop  in  very  dilute  muriatic  acid,  for  the  purpose  of  removing  all  of  the  rust 
and  mill  scale,  precisely  as  is  done  in  the  very  best  marine  boiler  work.  This 
pickling  is  said  to  cleanse  the  steel  so  that  it  shines  almost  like  silver,  and  is  a 
process  that  can  be  very  cheaply  applied.  This  pickling  would  be  done  at 
the  field  shop  immediately  before  forming  and  riveting,  the  plate  being  well 
washed  when  taken  from  the  pickle  to  remove  all  traces  of  acid.* 

Life  of  Steel  Conduits, 

All  these  precautions  were  found  to  add  but  a  trifle  in  percentage  to  the 
cost,  and  would  make  sure  of  a  better,  tighter  and  more  durable  conduit  than 
heretofore  built;  one  fairly  comparable  in  endurance  with  a  masonry 
aqueduct,  and  one  which  it  now  appears  entirely  reasonable  to  assume  wouM 
remain  in  tolerably  good  condition  after  even  one  hundred  years  of  use,  if 
swept  out  clean  and  repainted  on  the  inside  once  in  five  or  ten  years.  In 
cstiniQtes  of  annual  depreciation  I  have  nei'ertheless  assumed  a  life  of  only  fifty 
years.  This  probable  life  of  one  hundred  years,  although  it  sounds  large, 
appears  warranted  by  the  results  of  an  investigation  which  I  had  occasion 

*  The  hot  asphalt  would  be  applied  us  soon  as  possible  after  forming  and  riveting,  and  within 
as  small  an  interval  of  time  as  practicable  after  the  pickling.  Possibly  recent  progress  in  sand 
blast  w^rk  would  furnish  a  better  method,  and  aVoid  all  doubts  about  a  trace  of  acid  being  left 
on  the  metal.  It  might  develop  that  while  hot  asphalt  was  the  best  treatment  for  the  outside, 
painting  the  inside  would  secure  la  smoother  surface,  and  one  easier  to  maintain  in  the  long  future. 
The  cost  is  estimated  on  the  basis  of  pickling  in  acid  and  coating  inside  and  out  with  asphalt. 
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to  make  upon  the  present  condition  of  certain  water-wheel,  penstocks  at 
Lowell  and  Lawrence^  Mass. 

These  penstocks  were  nine  feet  in  diameter  and  of  the  same  thickness  as 
the  thinnest  part  of  the  proposed  conduit,  but  they  had  no  such  efficient  pro- 
tection against  rust  originally,  and  have  had  no  special  care  in  painting  since. 
They  are,  nevertheless,  to-day  in  good  condition  after  daily  use  in  conveying 
Merrimack  river  water  for  from  fifty  years  to  fifty-four  years  in  different 
instances;  and  so  far  as  a  careful  inspection  of  the  surface  reveals,  bid  fair 
with  an  occasional  painting  to  do  just  as  good  service  for  the  next  twenty-five 
years  as  they  have  for  the  past  fifty  years. 

There  may  be  question  if  the  soft  steel  of  to-day  will  withstand  rust  so 
well  as  this  old  wrought  iron.  Professor  Henry  M.  Howe,  now  of  Columbia 
University,  one  of  the  foremost  authorities  on  steel,  investigated  this  matter 
for  the  Massachusetts  Metropolitan  Water  Board  in  1895,  and  concluded  that 
the  difference  in  the  relative  life  against  rusting  out  under  these  conditions 
of  use,  between  iron  plates  like  those  of  which  these  old  penstocks  are  prob- 
ably composed,  and  modern  soft  steel,  is  very  small.  He  has  recently  told 
me  that  the  developments  of  the  past  few  years  have  shown  no  reason  to 
doubt  the  equal  life  of  the  steel  if  it  is  well  made  and  without  segregation. 

I  had  occasion  at  the  time  above  mentioned  to  inquire  particularly 
regarding  the  thinning  of  the  plates  of  iron  steamers  on  the  great,  lakes  and 
elsewhere,  and  found  the  statements  of  naval  architects  familiar  with  their 
endurance,  and  who  had  supervised  repairs  on  many  boats,  confirmed  this 
view  of  the  durability  of  properly  protected  iron  and  of  steel  plates  in  fresh 
water. 

Countersunk  Rivets  and  Smooth  Joints, 

The  estimate  of  cost  in  Table  48  presupposes  the  conduit  constructed 
with  the  inside  rivet  heads  all  countersunk  like  those  on  the  outside  of  an 
ocean  steamer,  and  with  the  roundabout  seams  made  with  butt  joints  smooth 
on  the  inside  and  with  an  outside  cover  plate.  It  is,  I  believe,  almost  as  impor- 
tant to  give  a  smooth  inside  to  a  large  iron  conduit,  as  to  give  a  smooth  out- 
side to  an  iron  steamboat;  and  to  make  the  estimate  of  cost  safe,  an 
experienced  naval  constructor  was  called  upon  to  aid  in  estimating  the  cost 
of  this  part  of  the  shop  work. 

Because  of  some  of  the  adverse  comments  made  in  the  discussions  of 
the  feasibility  of  bringing  a  high  pressure  gravity  supply  safely  into  New  York 
by  means  of  steel  pipes  8  feet  3  inches  diameter,  I  am  led  to  state  in  fairness 
to  those  who  have  proposed  doing  this,  that  from  the  engineer's  standpoint 
these  large  steel  pipes  if  designed^  built  and  erected  under  competent  supervision 
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from  proper  specificatiofts,  are  entirely  practicable  and  as  safe  as  a  steel  boiler 
or  as  a  steel  railroad  bridge.  It  is  merely  a  question  of  a  proper  expenditure 
of  skill  and  money. 

Safety  of  Large  Steel  Cofiduits. 

Lest  the  large  diameter  of  certain  of  the  steel  conduit  lines  proposed  in 
parts  of  this  estimate  might  excite  apprehension  among  those  not  familiar 
with  what  has  heretofore  been  done  with  large  steel  and  iron  pipes  in  water- 
power  developments,  it  may  not  be  amiss  to  mention  that  pipes  of  the  same 
diameter  as  the  largest  which  enters  any  of  these  estimates  (9  feet),  but  of 
poorer  metal,  have  been  in  use  for  fifty  years  leading  to  the  water-wheels  of 
certain  of  the  mills  at  Lowell  and  Lawrence,  and  the  original  pipes  are  still  in 
good  condition.  It  is  true  that  these  old  pipes  were  of  shorter  length  and 
subjected  to  much  less  pressure  than  the  proposed  conduits,  but,  as  an  offset, 
it  is  to  be  noted  that  they  were  built  of  poorer  metal  and  less  efficiently  pro- 
tected against  corrosion.  At  Holyoke  and  at  least  two  other  large  water- 
powers,  pipes  of  this  same  kind  up  to  12  feet  diameter,  are  in  use  to-day. 
Many  steel  pipes  of  6  and  8  feet  diameter  have  been  laid  in  lengths  of  800  or 
1,000  feet,  some  exposed  to  the  weather  and  without  expansion  joints,  and 
some  deeply  buried.  To  the  water-power  engineer  it  is  a  matter  of  very 
frequent  practice  to  bury  in  the  ground  beneath  a  large  factory  a  conduit 
of  this  size  for  a  feeder  to  its  water-wheels.  The  mill-yard  experience  is  ample 
to  show  that  a  pipe  up  to  nine  and  even  twelve  feet  diameter  x  §-inch  thick 
without  any  stiffening  ribs  or  special  support,  need  not  be  injured  by  the 
back-filling  necessary,  and  will  take  care  of  its  own  temperature  strain. 

Illustrating  the  tenacity  and  ductility  of  this  soft  steel,  I  have  photo- 
graphs of  a  riveted  steel  pipe  48  inches  in  diameter  which  became  thrown  out 
of  line  in  an  accident,  and  was  bent  at  a  sharp  angle.  It  yielded  by  a  stretch- 
ing and  buckling  of  the  plate  without  any  rupture  in  plates  or  rivets.  It  was 
forced  back  into  position  without  cutting  or  tearing  or  opening  a  joint,  and 
remained  water-tight.  There  are  numerous  cases  where  steamships  and 
yachts  with  hulls  constructed  of  a  cheaper  grade  of  soft  steel,  have  gone  on 
to  rocks  and  merely  knocked  the  plates  inward  a  few  feet,  without  tearing 
open  a  hole,  and  I  can  conceive  no  accident  to  the  long  soft  steel  shell  form- 
ing this  which  could  cause  a  serious  rupture;  and,  indeed,  believe  that  if  built 
under  proper  supervision  a  9-foot  steel  pipe  may  be  regarded  as  a  safer 
structure  than  the  48-inch  cast-iron  pipes  commonly  used.  The  material 
(firebox  steel,  as  specified),  would  certainly  stretch  enough  to  accommodate 
the  pipe  to  any  slight  settlement  of  an  embankment,  and  it  is  possible  that 
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even  a  railroad  train  derailed  on  top  of  the  pipe,  considering  the  5  feet  of 
intervening  earth,  would  not  rupture  the  pipe. 

The  experience  for  eight  years,  summer  and  winter,  with  the  East  Jersey 
conduit,  21  miles  long,  4  feet  diameter,  of  similar  metal,  and  with  many 
riveted  wrought-iron  pipes  in  California,  as  well  as  with  certain  large  water- 
wheel  feeders  already  mentioned,  shows  that  these  large  pipes  can  safely  be 
left  to  take  care  of  their  own  temperature  strains  without  expansion  joints,  if 
firmly  anchored  to  ample  masonry  at  their  ends. 


Skbtch  Illustratikig  that  Rust  Wbakbms  the  Joint  Lbss  than  the  Body  op  Plate. 

In  considering  the  effect  of  rust  after  long  service,  it  is  to  be  remem- 
bered that  experience  shows  that  verjr  little  rust  occurs  within  the  joint 
between  the  plates.  The  joint  is  the  weakest  part  of  a  riveted  conduit, 
because  of  the  rivet  holes  cutting  out  30  per  cent,  of  the  strength  that  opposes 
bursting;  but  as  the  conduit  becomes  weakened  as  it  grows  old,  through  the 
thinning  of  its  metal  by  rust,  the  plates  at  the  joint  become  weakened  only 
about  half  as  fast  as  the  main  body  of  the  plate,  because  rust  only  attacks 
them  on  one  side.  I  have  had  recent  occasion  to  make  careful  observation 
on  some  unprotected  and  badly  rusted  penstocks  that  had  been  more  than 
forty  years  in  use.  Many  instances  of  cutting  open  at  the  joint  showed  very 
little  loss  at  A,  B. 

In  designing  the  thickness  of  plates  and  strength  of  joint  required  to 
withstand  the  various  water  pressures,  1/16  inch  has  been  added  to  the  com- 
puted thickness  to  provide  against  the  weakening  by  rust.  If  corrosion  were 
to  go  on  with  equal  rapidity  inside  and  out,  then  i  inch  could  be  removed 
from  the  plate  as  a  whole,  before  the  factor  of  safety  of  2^  would  begin  to  be 
encroached  upon;  in  other  words,  a  ^-inch  plate  could  be  thinned  down  to 
f-inch. 

From  observations  on  various  penstocks  from  twenty-five  to  fifty 
years  old,  it  appears  reasonable  to  assume  that  more  than  fifty  years 
would  elapse  before  this  condition  of  encroaching  upon  the  factor  of  safety 
against  bursting,  or  before  the  reduction  in  bursting  strength  of  body  of 
plate  would  be  brought  by  corrosion  below  the  original  estimated  strength 
at  the  riveted  joint. 
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Basis  for  Estimates  of  Water-carrying  Capacity  of  Steel  Conduits. 

The  following  estimates  of  water-carrying  capacity  are  for  steel  pipes 
with  rivets  countersunk  on  the  inside,  and  w^ith  the  plates  united  on  the 
roundabout  seam  with  butt  joints  and  an  outside  cover  plate.  On  the  longi- 
tudinal seam  a  lap  joint  is  proposed,  but  the  inside  heads  of  the  rivets  are 
countersunk. 

This  gives  a  more  perfect  waterway — while  new  and  so  long  as  well 
cared  for — but  is  a  more  expensive  type  of  construction  than  has  been  fol- 
lowed in  the  East  Jersey,  Allegheny,  Cambridge,  New  Bedford  or  Rochester 
steel  pipes. 

The  flow  and  friction  loss  in  the  following  table  is  computed  by  the  well- 
known  formula : 


V  =  C  V  R  I. 

In  which  V  =  Velocity  in  feet  per  second. 

R  =  Mean  Hydraulic  Radius  =  one-fourth  the  diameter. 
I  =  Slope  or  loss  of  head  per  foot  in  length  by  friction. 
C  =  Coefficient  of  flow. 

Value  of  C  Adopted  in  Basis  for  Estimates. 

The  only  chance  for  error  or  difference  of  opinion  regarding  the  capacity 
of  a  given  size  of  conduit  under  a  given  slope  comes  in  the  value  adopted 
for  C. 

AlthoQgh  a  steel  plate  painted  or  properly  coated  has  a  surface  smoother  than  the  inside 
surface  of  a  new  tar-coated  cast-iron  water  pipe,  I  have,  when  inspecting  certain  large  asphalts 
Coated  steel  pipe  work  in  progress,  seen  ample  proof  that  without  very  careful  treatment  there  is 
liability  that  the  protective  coating,  if  of  asphalt,  will  harden  in  ridges.  This  must  reduce  the 
carrying  capacity.  It  is  believed  this  roughness  can  be  prevented  by  proper  care,  or  by  use  of 
a  proper  process,  at  a  trifling  addition  to  the  ordinary  cost.  This  matter  should  be  carefully 
guarded  in  the  specifications. 

To  allow  for  possible  increase  of  roughness  with  successive  painting, 
the  coefficient  of  frictional  resistance  for  the  conduit,  when  clean,  is  taken  in 
the  above  formula,  at  the  same  value  found  in  Fitzgerald's  experiments  upon 
the  48-inch  Rosemary  pipe  soon  after  it  was  cleaned  and  after  about  seven- 
teen years  of  use  (see  Trans.  Am.  Soc.  C.  E.,  July,  1896,  p.  261). 

As  the  most  convenient  framework  now  available  on  which  to  display 
and  apply  results  of  experiments  on  friction  loss  in  conduits  and  by  which 
to  make  due  allowance  for  differences  in  diameter  and  roughness  of  surface 
slope,  I  have  tak^n  the  "  Kutter  Diagram  "  of  Hering  and  Trautwine,  based 
on  the  well-known  Kutter  formula  (see  Plate  8,  facing  p.  240;  of  Hering  & 
Trautwine's  Translation  of  Ganguillet  &  Kutter).  The  Fitzgerald  experi- 
ments on  this  basis  give  for  the  factor  of  roughness  a  value  of  n  =  .011 
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and  the  values  of  the  coefficient  C,  which  I  have  adopted  in  computing  Table 
No.  49,  is  substantially  that  corresponding  to  a  value  of  n  =  o.oiio. 

I  have  also  confirmed  these  estimates  of  velocity  for  the  smooth  pipes 
by  the  values  of  the  coefficient  found  in  Diagram  No.  14  of  Hamilton 
Smith,  Jr.'s   "  Hydraulics." 

.     .         .  Impairment  of  Conduit  Capacity, 

For  a  neglected  pipe,  or  a  pipe  that  cannot  be  shut  off  and  entered  and 
swept  out  oiice  or  twice  a  year,  or  for  a  pipe  in  which  slime  or  spongilla  is 
likely  to  thrive,  it  is  assumed  that  the  coefficient  of  roughness,  or  «  in  the 
Kutter  formula,  will  be  the  same  as  the  value  found  in  the  upstream  portion 
of  the  Hemlock  Lake  and  the  East  Jersey  pipes. 

See  Herschel's  115  experiments,  page  52,  for  East  Jersey  pipe. 

For  48-inch  pipe,  with  4  ft.  velocity  and  slope  0.00183 * C  =  94.0 

This  pipe  was  four  years  old,  obstructed  by  projecting  rivet  heads  and  ridges  in 

asphalt  and  is  supposed  to  have  had  organic  growths  adhering  to  its  interfor  walls. 

Corresponding  value  of  n  in  Kutter  formula ,0162 

Also  see  Herschel's  115  experiments,  page  29. 

Penstock,  9  feet  diameter,  at  Holyoke,  lap  joints,  projecting  rivets,  probably  free  of  slime. 

With  40  feet  velocity,  slope  .000652 C  =  106.2 

Corresponding  n  in  Kutter  formula .0163 

Also  see  HerschePs  115  experiments,  page  30. 

Hemlock  Lake  conduit,  lap  joints,  projecting  rivets,  conduit  fifteen  years  old,  measurements 
by  £.  Kuichling. 

Diameter,  36  in. ;  velocity,  1.49  ;  slope,  .00042  —  C  83.0  corresponding  ».. .0167 

Since  we  assume  a  pipe  without  projecting  rivet  heads,  without  lap 
joints,  and  with  ridges  and  "  fingers  "  of  tar,  carefully  guarded  against  in 
the  specifications,  I  have  thought  it  safe  to  assume  that  serious  neglect  and 
bad  accumulations  of  organic  growth  would  not  make  the  coefficient  of 
roughness  greater  than  n  =  .016. 

It  is  proposed  to  sweep  the  interior  as  occasion  demands,  and  to  repaint 
the  inner  surface  of  these  large  steel  conduits  once  in  about  ten  years,  or 
whenever  rust  begins.  The  cost  of  sweeping  and  repainting  one  mile,  includ- 
ing stock,  labor  and  forced  ventilation,  is  estimated  at  from  $1,000  to  $1,500. 

From  personal  experience  with  many  water-wheel  penstocks,  I  think  it 
probable  that  one  repainting  in  ten  years  would  suffice,  and  from  noting  how 
much  greater  the  obstruction  of  organic  growths,  spongilla  and  the  like  is  in 
the  upper  five  miles  as  compared. with  the  downstream  portions  of  both  the 
Old  and  the  New  Croton  Aqueducts,  and  in  the  East  Jersey  pipe  above 
Pompton  Notch,  I  am  inclined  to  believe  that  with  a  long  line,  it  would  pay 
to  make  the  diameter  for  the  upper  five  miles  fully  6  inches  larger  than  for  the 
downstream  portion. 


128 


Appendix  No.  5. 


00 

O 

< 


g 


1 


8i 


I 


as 

•Sri 

a 
o 

O 

as 

O 

e8 


aD 

o 


S 

U 

C 

V} 

ctf 

C 

c 
o 
o 

u 
o 


u 
> 

o 

M 


a 
o 


& 

bO 

^d 

e 

o 


u 

d 
o 

4-* 

o    2 

1^ 

o 


4> 
V 

a 

^d 


I. 

o 
•J 

C 


-d    .2    ^ 


3 

(A 

c 
o 


a  3 


C 

o 
u 

bo 

V 

•d 

0 


I 


o 
I 

Ui 

a 


a. 
-d 

6 

(A 
O 

to 

73 


0) 


B 


u 

o 

Vl 


4) 


,£2 

no 

3 
O 
>^ 

c« 
u 

4-* 
»< 

a> 

c 
o 


'd 
'd 

C8 


C 


ao     a 

•■M  apH 

OS       ^ 

o 


6     w 

O      u 

§  a 


$ 


«> 

c:    ^ 


8«' 

g 

§ 

1 

i 

8 

w 

§ 

1. 

1     1 

1 

§ 

^S 

;? 

■8. 

? 

-s; 

<$ 

s  ^ 

■e. 

<^ 

M 

M 

H 

H 

M 

•^ 

M              M 

»« 

M 

Is 

«k 

Cost 
inear 
fPipe 
ench. 

M 

^ 

10 

M 

■A 

a 

0 

1^ 

g.  ^ 

,s 

<8 

•3iJO> 

8^ 

M 

<r. 

« 

00 

10 

«». 

OS           M 

ro 

10 

ToU 

Fool 
inT 

m 

m 

CO 

CO 

M 

« 

n       en 

cn 

CO 

«j 

5*^ 

P  e 

• 

otalC 
r  Pou 

J3 

c 

s 

Jf 

n 

OS 

.^ 

00 

s 

8    2: 

V 

U 

w> 

•n 

^ 

•«r 

•f 

Wl 

•rj 

«n       ^ 

♦ 

♦ 

^ 

. 

. 

'319  'SdAfVA 

IP 

m 

-iiy  'sjjo-Moig  'suaAfn^  jo| 

dsavMOiiv     )ooj     jad     |«)ox 

0 

0 

•*98p3q  joj  puv  8ai 

• 

0 
r2 

«<• 

s 

-puQ  jioj  aaucMoii  vpuK 

Eh 

1 

0 

3«IinJ  Va   'uoiiCABOxg 

kl 

01 
04 

i 

^ 

«^ 

■                                .                           •                           ■ 

• 

*smB3s  Saiiun^j 

8 

8 

0 

pne  SiniaAf^    pov  9oi 

b 

10 

-»II"«D  'H^'JaJX  "!  3JnpB[d 

1 

, 

M 

^~ 

^^ 

" 

'Saimedx  'H^u'-'X  ^i 

■ 

0 
0 

n 

M 

0 

Ot 

00 

M 

'S 

f         t^ 

ro 

S 

doq^    mojj    SuaqSidJj 
pcoJipB)!    Mioii«iiod'su«JX 

h 

M 

Ci 

v> 

>b 

00 

o\ 

«        t*i 

to 

& 

M 

M 

M 

M 

•     H 

H 

M           M 

H 

M 

')Ooj  aesuiq  j»d  'igoaj 

T 

s,J9jni3ejnue|^     puv    'diqg 

o]  Api»){  lie  pue  sjaiof-iina 
'8aiieo5  defjng  puc   )i«qa 

M 

8> 

10 

-sy  9iqnoQ'Sfaii3i3T^'3ai}{ais 

tSi 

« 

-j9)uno3  *  s )  a  A  I M  8uipnp 
■OI   ajnioBjnac]/^  ooqg  |o  )so3 

• 

< ^    . 

A 

V      2    . 

v.fa^  O 
^  «  «  w 


ho 

00 
ei 


8    sr 


N 


o 


m 


M  M  M 


-     8 

M        ro 


00 


■♦     *o 


o 
so 

00 


m 


s 


'suiBag  puno-^  uo 
luiof  dvjis  ung  qiiM  looj 
Su'iuun^  jad  jqSiay^  paqsiaij 


M 


J  t 


■^Q^  O  mo  '♦00 
h<«»o  v^  ovr«»^M 
fooo       ^inm^       hooo 


11^ 


u 


MW)rs.QQ«OMts>«*vm 
MmioooSeti/sr«Qeim 


•c.a    S 


B 


x-S:5:eH««'v:*i«S«:i2 


kl       . 

V  V 

t  a 


o\ 


00 


Basis  of  Estimating  Costs. 


329 


I   I   §    §    §    §    §    §    §    §    §    §    §    §    §    §    I 


0*0^ 


f%       00 

I-.      ro     « 


W>  «  OS  txt 


CI 


»0       r% 


g' 


m 


a 


ro      >0       00 

«  H  M 


8.    ^    8^  <S    .8 

■  •  •  ■  • 

in      (o      to      ^      <<r 


ir> 


m 


lO 


o 


s. 


c« 


W» 


O 
« 


ST 


o 


o 


o 

o 


o 

CO 


0\ 


O 

01 


M 

c« 


a> 


Ik 


.8 


^txOkN         ■*      'O         O         00         QOQVO         ^00         ^OVO 


O 


«n 


lO 


m 


^— — 

^^_ 

-« 

— s 

^  — 

^--•. 

— 

/— — 

-^ 

— — 

— > 

m 

(« 

xo 

10 

in 

o 

0 

« 

IN 

IK 

8 

•n 

% 

m 

00 

& 

•o 

»o 

M 

r«. 

«n 

o» 

m 

CM 

•n 

f> 

e« 

O 

>o 

^ 

'T 

0» 

M 

ts. 
m 

00 

Ot 

o 

VO 

00 

Ov 

•f 

»o 

« 

t> 

m   o   ♦  00 


rs   M   « 


8   00 
W    «>    •*»    0»    tK 


<n 


mm«o   cKi*»co*^ci   foro 


Soo   ^   (*>   o 
>o   00   n   >S 


«   «   « 


•"•"MM       M       O0«0tci>o       o       tnw       mmcookM 

♦        rN.p         fO\t»00sj         O         rni^O         '•■OO         m         v)OV 

MHAMcicMMficicieteiMcinmcn 


en 


SR«*';:n«CiR:5:;«-S:*i-R;iR-5ai;<SR«^;*' 


g> 


-  tS 


o 


.£3 


ce 


C8 

> 

o 
o  "5 

O   T3 
^     C 

■•J    o 

bfl  c 

•2  « 

o    s 
S  2 


t£ 

P 

> 

X, 

« 

•-• 

CA 

^ 

4.J 

^ 

•> 

tfl 

4> 

1^ 

c8 

cn 

fj? 

e9 

1> 

«rf 

tfl 

ki 

u 

C8 

CS 

CU 

^^ 

c« 

OS 

4^ 

8 

p 
o 

wS 

4> 

to 

P 

O 

a> 

-O 

S   CI 
en 

>  iS 

Cj       Q, 

O 

T3    ^ 

'p     >% 

8^ 

O   tJ 

« § 

O        k. 
U       ■*-• 

r  o 
^*  ^ 

•      •mm 

^   > 

O    c« 

p  -^ 

s.i 

e    *» 

U      (A 


:2  ^ 

V  cd 

o  'S 

—  V 

•P  ► 


N   no 
cS     b£ 

Ml       « 

Si   bo 

V    bO 
*-    S 

P     "-> 

"S  8 

0 

•  pi        • 

•2  If 

ts   5.  g 

o    p 
A    S     «n 

•-  s;  x 

^  ^    > 

CS      •r« 


CS 
X 


330 


Appendix  No.  5. 


^   R  .t; ««.,  t; 

Z  >  8  8  S 

»-<  *-  !2  O 

•$     9     *  C 

*       55  o 

a  3  =  a 

•«  5;  3  o 

H   '*^  "** 

Oft   ■■  «  eJ 
^    A-*  " 

®^  S 

8>    G 


«  V  ^    2 


C    cj    0) 

ago 

•  «  s 

M-a  s 

IS  cc 

►  •a  c 

2  « 

8  e3  *i 

**    ^    3 


S'S 

^  is 

o  o 


Z  ^   (3 

^  'pi* 

^  ■-*  zi 


w  "S  3 

u  ^  ^ 

?    M     (/> 

b   C 

>  to 
U  o 


e 


a»s. 


CO 


I  Soli 

X  a.  .| 
o'S.  Ii 


e 
ft 

O 

»• 

o 

u 
o    . 

o 
06 


I     c  2 


2   C8   go 

S;3  0.5 


i 


00      00       ^      M  'n     <o      ^ 


S       !<<» 


00       ^ 

o     ♦    «     •^    s? 


00      <o      «o       iO      en 
A     ^     00       M      n 


m 


« 


S 


o 


9       r<)     00       CI       m 


<«'      ro      ro      « 


■♦      en 


•4"      CO      «       « 


•^  a. 

5°l 


*§    *§    *?    •?    'S 


t^      (^     4      S2 
0000 


"«    'g    "S    'g    S' 


u 

s 

*/: 

b 

o 
'C 


o 
o 

g 


(X 


c 

V 


«?  -8 

•  «    - 

»o 

in 

in 

in 

m 

•n 

uttei 

orre 

to 

=.0 

'8    *8 

'2 

*8 

*8 

s- 

s- 

^  i  -% 

i 

• 

ii  'g 

■ 

in 
0 

M     M 

M 

M 

r< 

M 

M 

M     M     M 

H 

M 

M     M 

M 

U^      c 

9  A         «•        00  M 

O      V        fn      00        ro 
to       M        c«        M       »• 


•^       <i#>      <n       O 
^      M      00       m 

C«  Ci  M  M 


C«  M  M 


en      Ok 


^      r%      in 
m      in     « 


in 


in 


en 


00 


«o 


s 

« 


en 


en 


m 


o 
en 


en 

00 


O 


10 
Ci 


10 


«o 


w 


in 


■^       M 


V  * 


o« 


a 


tn 


m 


m 


00  »s. 

m      in 


1^ 

m 


m 
m 


Ik      «o 
m      in 


in 


in 


•n 


6 
O 


Si 


m 

so 
m 


m 


•n      m 


00       r^     « 
\n      *n      tn 


en      00 
in       •♦ 


m      in 


in 
in 


en     00 


"bS- 


2!  o  5 


OS 
m 


o\ 


Si 


Os       00 

m      in 


00 

m 


m 

00         !«.        Ik 

m      vi      u\ 


m 


»s.         tK 


in 

«o 
m 


ope 

I.OOO 

set. 

0 

<o 

n 

00 

1 

^ 

kO 

« 

00 

^ 

0 

kO 

n 

00 

«^ 

IS. 

rs. 
m 

s 

00 

IK 

•n 

00 

00 

Ik 

eg' 

Ik 

Ik 

m 

s 

^g. 

eg' 

s^* 

Ok 

■ 

»K 

• 

m 

• 

»n 

• 

■ 

Ot 

Ik 

• 

•n 

en 

• 

Ok 

IK 

• 

m 

• 

en 

• 

M 

• 

88883       88888       88888 


tr, 


in 


en 


n      M 


m 


^      tn 


CI  M 


U 

e. 


O 
K 

a 
h 

S 

< 


m 

CI 


II 


v 

E 
cs 

■a 

•si 

—  n 

8  A 
w  o 


en'sJ 
mo 

2e 

^5 

'go 

C 

«>k^,- 

(S  V  S 

'•5  8^ 
2  M 

•^  O*  3 

woo. 
u  u  A 


u 

< 


8 

ci 


g 

ca 

^  J 

12 -ii 


B 

S 

•  •^ 

ca 

*« 

a 

«« 

o* 

i22 

n 

8 

Ik 

00 

6 

•n 

Basis  of  Estimating  Costs. 


331- 


»   to 

o\ 

(>« 

«    0\ 

Ot 

1^ 

OS 

m 

ts. 

kri 

00 

00 

n 

00 

00 

M  yo 

o 

H 

OS   00 

8.  v8 

to 

O 

5 

oo 
CO 

n 

00 

M 

CO 

s 

♦   ov 

m 

OS 

00 

m 

00 

•f 

$ 

lO 

OS 

CH 

M 

m 

M 

M 

00 

« 

o 

OS 

lO 

ts. 

n 

t*. 

M 

^0 

30 

00 

o» 

m 

<o 

■♦ 

o 

«o 

M 

•♦ 

00 

*n 

H 

r>. 

^ 

ro 

PO 

« 

M 

m 

fo 

M 

e« 

M 

fn 

c*« 

M 

n 

M 

e« 

M 

N 

M 

m* 

z  r 


O 


? 


O 


o 


5     S     8 


Ok 

Si 

00 

»x 

\o 

•o 

fn 

N 

O 

in 

Ok 

Os 

OS 

OS 

OS 

OS 

OS 

OS 

uo 

»o 


in 


m 


3"   3"   ?   O   O* 


(« 

o 


m 

H 
O 


8    8 


g: 


in 

a 

00   eo 

OS   Ok 


»s. 
ov 


so 
OS 


in 

OS 


m 


Os   Os 


in 


Ov 


in 

Ok 


in 


o 


so 

OS 


OS 
sg^ 


«n 


Ok 


O   IX 


r*\ 


fO 


OS 


Os 


R 


<o 


♦     so 


rs.   00 
in   ▼ 


Ok 
CO 


•x 
n 


o 

Ci 


Os 

M 

N 


CI 

•n 


»tf 

M 

n 

S' 

M 

N 

SO 

in 

m 

SO 

^ 

e*k 

f 

8* 

oo 

■♦ 

in 

M 

S 

IX 

m 

SO 

00 

tx 

r» 

o 

en 

m 

^ 

•f 

oo 

M 

CO 

00 

CO 

00 

«o 

m 

•♦ 

fl 

M 

in 

in 

'<• 

ro 

M 

m 

■>«■ 

m 

CO 

M 

•f 

**> 

fO 

tt 

H 

in 

■♦ 

m 

M 

5i 

N 

O 

OS 

<5. 

SO 

e- 

*e. 

* 

« 

H 

M 

O 

OS 

00 

so 

m 

M 

in 

«n 

M 

m 

M 

m 

H 

in 

M 

M 

H 

p4 

H 

■>«■ 
H 

H 

m 


fi   •« 


•i^   5 


m 


00 


m 


0<   so 

m   CO 


oo    IX   so 

f>   po   fn 


«n 


8^ 


m 


m 


in 

m 

tn 

m 

00 

o 

rx 

so 

rx 
m 

oo 

00 

IX 

<n 

ro 


m 


00 


m 

■ 
IX 


m 

IX   so   so 


fo   m 


o 


.2^ 


O   so 

Ix     IX 
S    (X 


M  00 

00  00 

«  rx 

iTk  m 


^  I 


o  so  n  00 

rx  tx  oo  oo 

'^  in  so  tx 

Os  (x  m  ro 


S" 


O  so 

r^  Ix 

T  in 

OS  IX 


m   to   M 


88888       88888       88888       88888 


in 


ro 


m      « 


m 


ro 


Cl  M 


m      ■♦      n* 


«  M 


V 

u 


m 

Ix 


II 


u 

V 

E 
t« 

■5  J 

IxOO 


ha 


o 
m 


u 

V 

u 

a 

••^ 
■W  J 

B    C 

•-  rt 
<^  3 

8S- 

sdoo 


ft 
t 
< 


tn 


u 
4) 


■SiSj 
•a  v 

'I!  « 

ej  O^ 


ro 
so 

* 

■n  Os 
V  " 


8 


8 


V 
V 

g 

.2 
'•5   • 

."SsS 


^2* 


tx 

m 


8 


0) 


22 


332  Appendix  No.  5. 

BASIS  OF  ESTIMATES. 
Interest — Depreciation — Taxes  and  Sinking  Fund. 

Interest. 

Various  issues  of  New  York  and  Brooklyn  long  term  bonds  on  or  about 
March  i,  1900,  were  quoted  to  net  3.00  per  cent,  interest;  so  this  rate  may  be 
accepted  as  a  proper  basis  for  interest  on  such  bonds  as  would  be  required 
for  an  extension  of  the  water  supply  and  the  same  rate  may  also  be  taken  as 
the  basis  of  the  sinking  fund  requirement. 

Sinking  Fund — In  the  estimate  of  the  cost  of  the  water  per  million 
gallons  delivered  it  will  be  assumed  that  a  part  of  this  cost  is  the  providing 
each  year  of  a  contribution  to  a  sinking  fund  which  shall  at  the  end  of  forty 
years  be  sufficient  to  pay  off  all  bonds  or  return  all  expenditure  incurred  in 
the  construction  of  the  works.  The  sinking  fund  requirement  each  year  to  do 
this,  at  3  per  cent,  interest,  is  1.326  per  cent. 

Taxation — Almost  the  entire  value  of  the  new  construction  proposed  for 
all  the  projects  of  additional  water  supply  now  under  consideration  lies  out- 
side the  municipal  limits  of  New  York. 

Taxes  upon  the  property  of  one  municipality  used  for  public  purposes 
and  located  within  another  municipality  are  assessed  under  different  methods 
in  different  localities,  the  most  common  rule  apparently  being  to  tax  only 
on  land  values,  with  no  appraisal  of  or  levy  upon  the  cost  or  value  of  the 
structures. 

The  Brooklyn  Water  Works  are  taxed  in  the  several  Long  Island  towns 
in  which  their  collecting  reservoirs,  aqueducts,  wells  and  pumping  stations 
lie;  but  only  upon  the  cost  or  fair  value  of  the  land.  New  York  City  now 
pays  to  other  municipalities  about  $32,000  annually  in  taxes  upon  the  Croton 
Aqueducts,  storage  reservoirs  and  works  connected  therewith. 

Section  480  of  the  Greater  New  York  Charter  provides  that  such  prop- 
erty shall  be  assessed  and  taxed  in  the  counties  in  which  the  same  is  located 
at  the  value  of  the  lands,  exclusive  of  the  values  of  the  aqueducts  and 
structures,  and  provides  that  this  assessed  value  shall  not  exceed  the  assessed 
valuation  of  other  similar  lands  in  the  immediate  neighborhood. 

In  reply  to  inquiry  about  taxation  upon  the  Hemlock  Lake  conduit  sup- 
plying Rochester,  New  York,  the  Commissioner  of  Public  Works  called  my 
attention  to  chapter  908  of  the  Laws  of  the  State  of  New  York,  passed  1896, 
providing  for  the  full  taxation  of  all  property  owned  by  a  municipality  out- 
side of  its  corporate  limits,  and  stated  that  a  decision  has  been  sustained  in 
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the  Court  of  Appeals  to  the  effect  that  the  city  must  pay  a  tax  upon  its  con- 
duit lines  and  other  property,  and  that  taxes  are  now  paid  at  a  rate  approx- 
imately of  $3  per  $1,000  of  an  assessed  valuation,  which  is  about  half  the 
actual  cost. 

In  Massachusetts,  chapter  352  of  the  Acts  of  1893  makes  a  provision 
somewhat  similar  to  that  which  obtains  for  the  Croton  and  the  Brooklyn 
supplies,  and  takes  only  the  land,  excluding  all  structures  like  dams  and  aque- 
ducts, but  fixes  the  valuation  once  for  all  at  the  average  assessed  value  of 
the  land  for  the  three  years  next  preceding  the  taking.  The  amount  paid 
each  year  while  thus  reckoned  on  a  constant  value  is  a  varying  percentage 
according  to  the  tax  rate  in  the  several  towns. 

In  the  case  of  the  works  under  construction  by  the  Metropolitan  Water 
Board,  in  which  a  large  tract  of  country  is  to  be  submerged  and  many 
houses  and  factories  destroyed,  similar  to  the  work  herein  proposed  at  Dover 
Plains,  a  special  provision  is  made  for  an  annual  payment  to  the  town  in 
which  this  property  is  located,  in  lieu  of  taxes  assessed  in  the  ordinary  man- 
ner, thus  making  recognition  of  the  fact  that  the  town  was  losing  a  large 
amount  of  taxable  property. 

While  taxation  on  basis  of  cost  of  tunnels  and  underground  masonry 
would  be  utterly  absurd,  there  is  an  element  of  fairness  in  liberal  compensa^ 
tion  to  a  community  for  the  loss  of  income  caused  by  reducing  the  quantity 
of  taxable  real  estate  within  the  limits  of  the  town  or  through  loss  of  taxes 
on  the  personal  property  of  those  who  will  move  to  other  towns  when  they 
sell  their  homes  to  the  Department  of  Water  Supply.  Moreover,  the  water 
works,  although  providing  their  own  sanitary  patrol,  will  share  in  the  general 
benefits  of  police  protection  and  the  service  of  the  local  courts,  and  its  prop- 
erty will  receive  the  benefits  of  the  town's  highways  and  public  works  prob- 
ably in  larger  measure  than  compensated  for  merely  by  a  tax  on  the  vacant 
land.  Our  estimate  should  err,  if  at  all,  in  being  too  large,  and  in  any  such 
new  and  comprehensive  projects  as  those  now  proposed,  it  will  be  safe  to  pro- 
vide some  small  margin  for  special  assessments  in  recognition  of  the  feeling 
which  sometimes  obtains  in  the  small  town  against  the  large  city,  and  to  pro- 
vide for  liberal  and  generous  treatment  of  this  question. 

Therefore,  in  all  the  estimates  on  storage  reservoirs,  an  annual  allowance 
of  0.4  per  cent,  over  entire  cost  will  be  included  to  cover  taxes  and  special 
assessments. 

On  aqueduct  lines  there  is  no  such  loss  to  the  towns  by  the  removal  of 
taxable  personal  property  and  no  interference  with  its  business  or  markets, 
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and  that  the  several  projects  may  be  put  on  the  same  basis  for  comparison, 
the  allowance  for  taxation  and  special  assessments  on  aqueduct  lines  will  be 
made  0.2  per  cent,  of  cost  for  each  aqueduct  line  as  a  whole. 

It  will  be  noted  that  in  the  final  summary  these  percentages  give  sums 
that  are  not  unreasonable,  and  while  they  are  proportionally  greater  than  are 
now  paid  by  New  York  City  and  the  Massachusetts  cities,  are  much  smaller 
than  that  which  the  City  of  Rochester  has  to  pay  under  the  law  and  decision 
above  quoted. 

Depreciation, 

As  a  matter  of  accurate  computation  of  annual  cost  of  the  works,  or  for 
computing  the  cost  per  million  gallons  of  water  delivered,  it  may  appear 
illogical  to  add  depreciation  for  items  which,  like  underground  masonry,  do 
not  depreciate  noticeably  within  a  half  century  and  which  would  never 
require  renewal  because  of  wear  or  decay,  but  there  are  general  contingencies 
of  abandonment  of  any  one  branch  of  the  works,  of  the  possibility  of  injury 
through  incompetence  or  mismanagement,  together  with  the  remote  possi- 
bility of  injury  from  earthquakes,  cloudbursts  or  lightning  which  should  not 
be  dismissed  without  leaving  some  mark  upon  annual  cost.  The  Forty- 
second  Street  Reservoir  and  the  Old  Croton  Aqueduct  are  imperfect 
illustrations;  Boston's  expensive  Mystic  supply,  and  perhaps  Boston's  Chest- 
nut Hill  Reservoir,  are  other  illustrations;  the  new  danger  of  electrolysis  to 
water  pipes  is  another;  extra  work  required  on  Springfield's  bad-tasting 
Ludlow  Reservoir  after  its  completion  is  another  illustration  that  no  mistake, 
in  the  long  run  and  on  the  broad  view,  will  be  made  in  providing  for  even 
more  th^n  can  be  clearly  foreseen. 

The  current  expense  and,  ultimately,  the  water  rates,  as  a  whole,  should 
be  figured  to  leave  as  light  a  burden  on  posterity  as  practicable,  for  even  with 
all  these  annual  charges  reckoned  against  it,  a  generous  supply  of  good 
water  is  wonderfully  cheap.  And  so  in  all  these  estimates  of  cost  to  the  city 
per  million  gallons,  the  yearly  expense  will  be  figured  with  the  intention  of 
paying  off  the  bonds  and  leaving  the  city  in  full  possession  of  the  works  in 
excellent  repair  and  free  of  cost  at  the  end  of  forty  years. 

Land — On  land  values,  no  depreciation  will  be  reckoned,  and  no  depre- 
ciation will  be  figured  on  cost  of  extinguishing  water  rights. 

Dams — Masonr\'  dams  like  those  proposed  near  Merwinsville  and 
Webatuck  will  be  considered  permanent.  The  Essex  Company's  gran- 
ite dam  across  the  Merrimack,  35  feet  high,  900  feet  length  of  overfall, 
has  in  fifty-two  years  not  cost  one   dollar  for  repairs,  and  to-day  after  the 
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floods  and  frosts  and  summer  heat  of  half  a  century  shows  practically  no 
depreciation  whatever. 

Tunnels — The  excavation  will  be  considered  permanent.  The  masonry 
linings  will  be  considered  to  require  occasional  extraordinary  repairs  and 
possibly  extensions,  if,  in  time,  rock  over  unlined  roof  shows  disintegration. 
This  outlay  will  be  considered  equivalent  to  an  annual  charge  of  one-half  of 
one  per  cent,  per  year  on  the  masonry.  If  these  renewals  happened  to  be 
deferred  to  end  of  term,  the  annuity  of  0.5  per  cent,  per  year  at  3  per  cent, 
interest  would  amount  to  the  original  cost  of  the  masonry  at  end  of  about 
forty-five  years,  but  an  accident  earlier  may  come,  so  the  figure  of  0.5 
per  cent,  appears  safe  and  conservative.  Considering  the  proportion  as- 
sumed lined,  the  cost  of  lining  is  found  to  be  40  per  cent,  of  entire  cost  of  tun- 
nels. We  thus  figure  depreciation  on  40  per  cent,  of  the  entire  estimated 
cost  of  the  tunnels.  At  0.5  per  cent,  per  year  on  40  per  cent.,  is  equivalent 
to  an  allowance  of  0.2  per  cent,  per  year  on  entire  estimated  cost  of  tunnels. 

For  Cut  and  Cover  Aqueduct — The  grading  is  considered  permanent  and 
amounts  to  about  35  per  cent,  of  entire  cost  of  this  type  of  aqueduct.  The 
maintenance  charge  will  keep  the  earth  covering  in  good  form  and  will  repair 
all  petty  leaks.  The  masonry  of  the  aqueduct  itself  it  is  assumed  may 
require  occasional  extraordinary  repairs  equivalent  to  an  annual  charge  of 
1/3  of  I  per  cent.  If  it  happens  that  these  extraordinary  repairs  could  be 
deferred  to  end  of  term,  this  annuity  of  1/3  of  i  per  cent,  would,  at  3  per  cent, 
interest,  renew  the  entire  masonry  at  the  end  of  about  seventy-five  years. 
The  masonry  amounts  to  65  per  cent,  of  the  entire  cost  of  the  aqueduct,  so 
we  figure  depreciation  on  65  per  cent,  of  cost  of  the  cut-and-cover  aqueducts 
at  1/3  of  I  per  cent,  per  year,  which  is  equivalent  to  an  annual  charge  of  0.20 
per  cent,  on  entire  cost  of  the  cut-and-cover  aqueducts. 

Steel  Pipe  Conduits — As  elswhere  stated,  there  are  plate  iron  conduits 
along  the  Merrimack  river  that  have  been  in  daily  service  for  fifty  years,  and 
which,  from  my  careful  inspection,  appear  good  for  twenty-five  years  more, 
and  which  were  not  nearly  so  well  protected  against  rust  as  is  proposed  for 
these  steel  pipes,  but  in  a  line  many  miles  long,  accident  from  storm  or  flood, 
from  corrosion,  from  electrolysis,  or  injury  from  causes  not  now  foreseen, 
may  possibly  come,  and  it  is  well  to  have  the  figure  safe.  Therefore,  the  life  of 
steel  pipes  will  be  called  fifty  years.  On  whole  value  at  3  per  cent,  interest, 
the  annuity  is  0.00887.  The  occasional  repainting  of  interior  of  steel 
pipes  is  provided  for  in  the  estimate  for  annual  maintenance.  The  extra- 
ordinary repairs  and  depreciation  on  steel  pipes  will  in  round  numbers,  there- 
fore, be  reckoned  at  i  per  cent,  per  annum. 
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Masonry  Culverts,  Siphon  Chambers,  Gate  Houses  and  Special  Structures — 
In  view  of  possibility  of  accident  from  flood  or  unforeseen  cause,  the  life  will 
be  taken  at  fifty  years.  Annuity  0.00887,  or  for  round  numbers,  call  it  i  per 
cent,  per  year  on  entire  cost  of  pipe  line  and  the  smaller  masonry  structures. 

Finally,  it  must  be  said  that  the  figures  adopted  for  extraordinary  repairs, 
d/epreciation  or  renewal  on  these  structures,  all  of  which  are  of  the  most 
permanent  character,  are  properly  for  insurance  against  accident  and  as  a 
safe  margin  against  the  unforeseen,  rather  than  allowances  for  depreciation  or 
renewal  in  the  ordinary  sense.  We  have  very  little  to  guide  us  as  precedents 
in  this  matter  and  all  the  precedents  there  are,  except  the  Old  Croton 
Aqueduct,  which  was  plainly  of  a  faulty  design,  whose  weakness  would  not  be 
repeated  to-day,  tend  to  smaller  allowances  than  I  have  assumed.  As  to  the 
proper  magnitude  of  an  allowance  looked  at  as  insurance  against  accident, 
some  experience  in  weighing  the  chances  of  accidents  by  fire,  boiler  explosion 
and  otherwise  in  the  far  more  hazardous  conditions  of  well-built  factory 
property,  convinces  me  that  these  foregoing  allowances,  although  small,  are 
ample. 

Limiting  Size  for  Aqueducts. 

The  question  may  properly  be  asked,  Should  not  the  large  aqueduct 
lines  be  constructed  in  duplicate  as  a  safeguard  against  accident?  or,  Should 
not  the  water  from  a  source  capable  of  a  safe  yield  of  500  million  gallons  per 
day  be  conveyed  to  the  city  by  two  separate  conduits,  each  of  250  million 
gallons  per  day  capacity?  I  have  carefully  considered  these  questions  from 
various  points  of  view  and  it  appears  to  me  to  be  better  and  cheaper  to  pro- 
vide the  safeguard  in  the  form  of  a  very  large  storage  of  water  in  great 
reservoirs  like  those  proposed  at  Rye  and  Park  Hill,  with  possibly  future 
additions  by  raising  the  Kensico  Dam  and  by  perhaps  constructing  a  high 
dam  in  the  Pocantico  Valley  as  elsewhere  suggested ;  thus  obtaining  a  great 
reserve  of  water  for  emergencies  at  the  near  end  of  the  main  aqueduct  large 
enough  so  that  the  conduit  can  be  shut  off  for  two  or  three  weeks.  This 
method  works  out  as  cheaper  in  first  cost  in  the  cases  that  have  been 
assumed,  and  would  tend  to  economy  m  maintenance  and,  as  I  believe, 
would  afford  greater  safety.  This  is  the  line  on  which  the  new  Wachusett 
Aqueduct  for  Boston  has  been  worked  out.  With  the  Old  Croton  Aqueduct 
and  the  New  Croton  Aqueduct  and  the  Bronx  conduit  and  with  a  connection 
also  between  ^Manhattan  and  Brooklyn  in  future  via  Park  Hill,  the  safe- 
guards appear  ample  to  admit  of  building  the  proposed  aqueduct  from 
Sodom  to  Rye  as  a  single  large  line. 
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Basis  of  Estimates  of  Cost. 

i 

Annual  Cost  of  Maintenance  of  Aqueduct  Lines, 

This  is  difficult  to  estimate  with  precision,  because  it  may  be  either 
doubled  or  halved  by  the  character  of  the  work  undertaken  or  by  the  skill 
and  economy  of  the  management.  In  the  following  estimate  the  intention  is  to 
be  liberal  as  regards  number  of  men  and  rate  of  wages,  according  to  liberal 
municipal  standards,  and  to  treat  all  the  projects  on  the  same  basis. 

The  maintenance  of  a  large  steel  pipe  or  of  a  massive  masonry  aqueduct 
buried  beneath  4  or  5  feet  of  earth,  or  the  maintenance  of  a  tunnel  100  feet  or 
more  beneath  the  surface,  are  very  simple  propositions.  There  is  little  or  no 
work  to  be  done,  except  to  open  the  gate  and  let  the  water  run,  mow  the 
weeds  and  bushes  over  the  right-of-way,  patrol  the  line  once  a  day,  keep  the 
culverts  clean,  promptly  check  wash  of  embankments,  and  sweep  the  interior 
of  the  upstream  portion  twice  a  year,  and  the  downstream  portion  once  a  year 
or  less. 

The  large  annual  cost  of  maintenance  of  the  Old  Croton  Aqueduct  is  no 
criterion  whatever  toward  the  cost  of  maintaining  an  aqueduct  of  modem 
design,  since  because  of  its  faulty  foundation  over  embankments  it  waS  for 
years  continually  springing  aieak  and  a  comparatively  large  force  of  men  is 
continually  employed  for  readiness  in  emergencies  and  close  inspection  and 
this  very  large  force  is  kept  more  or  less  busy  with  petty  repairs. 

But  little  information  is  available  on  cost  of  maintenance  of  the  >iv,w 
Croton  Aqueduct  that  will  serve  as  a  guide  in  the  present  inquiry.  This  New 
Aqueduct  is  looked  after  in  connection  with  the  old  and  is  almost  wholly  in 
deep  tunnel  where  little  care  is  needed  beyond  regulating  the  gate  at  its 
entrance.  The  best  guide  in  Actual  experience  in  maintenance  of  aqueducts 
similar  to  those  proposed  for  the  extension  of  the  New  York  supply  that  now 
appears  available  is  the  recent  experience  in  caring  for  the  several  aqueducts 
that  supply  Boston. 

On  the  Sudbury,  Cochituate  and  Wachusett  Aqueducts  of  Boston,  Afr^regatinfi:  nearly 
34  miles  in  length,  the  regular  maintenance  force  as  reorganised  in  1898,  consists 
of  only  about 20  men. 

And  for  sanitary  inspections  and  general  care  of  9  reservoirs  about 20  men. 

On  ofHce  and  biological  work  about 5   i^cn. 

At  the  Terminal  Reservoir  at  Chestnut  Hill,  in  caring  for  extensive  park-like  grounds, 

about 10  men. 

A  total  of  about 55   men. 

It  would  appear  that  for  the  force  on  these  large  aqueduct  lines  proposed 
from  Pawling  to  Milltown  Bridge,  from  Sodom  to  Kensico,  and  from  Ken- 
sico  to  the  city  limits,  a  man  to  the  mile,  distributed  in  groups  of  4  or   5 
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at  keeper's  stations,  about  5  miles  apart,  was  a  generous  allowance  for  all 
ordinary  purposes  along  the  entire  line  from  Pawling  to  Milltown  Bridge, 
and  from  Sodom  to  Park  Hill,  a  total  distance  of  12  +  22  +  14  =  48  miles. 
Add  for  keepers  at  Patterson,  Milltown,  Sodom,  Salem,  Cross  river,  By  ram 
and  Greenville,  seven  in  all.  Add  a  team  and  driver  extra  at  each  of  these 
keeper's  stations.  Add  for  extra  help  in  sweeping  the  aqueduct  twice  a  year 
(aided  in  this  by  a  machine)  and  allowing  liberally  for  tools  and  supplies,  I 
estimate  that  $1,100  per  mile  should  provide  liberally  for  all  necessary  care 
along  the  aqueduct  lines.  Add  to  this  liberally  for  contingencies  and  adjust- 
ing the  figure  a  little  in  proportion  to  the  size  of  the  aqueduct — wider 
embankment  to  be  trimmed,  larger  interior  to  be  swept,  more  numerous 
siphons  to  be  cleaned  and  repainted  at  intervals  of  perhaps  ten  years,  and  the 
wider  culverts  to  have  face  joints  repointed  at  rare  intervals — we  will,  for  all 
aqueducts  cared  for  in  the  best  manner,  with  slopes  neatly  trimmed  and 
proper  cleaning  of  interior,  assume  as  a  safe  outside  figure  for  the  annual 
cost  of  maintenance  of  all  aqueducts,  including  tunnels : 

For    250  million  gallons  maximum  capacity. . . .    $1,250  per  mile  per  year. 
500       "  "  "  "         ....      1,500    "      "       "        " 

1,000       "  "  "  "         ....      1,750    "      "       "        " 

Care  of  Reservoirs. 

On  the  Ten  Mile  impounding  reservoir,  exclusive  of  the  Housatonic, 
for  purpose  of  an  ample  preliminary  estimate  we  will  assume : 

General  Superintendent i  Hydraulic  Engineer. 

At  outlet  sluices i  Gatekeeper. 

Gatemen,  working  8-hour  shifts 3  Gatemen. 

At  River  Dam,  working  8-hour  shifts 3  Watchmen. 

Sanitary  patrol,  Ten  Mile  Division 7  Inspectors. 

Laborers  and  foremen,  on  care  of  margins ...        6  Laborers. 

Engineer  party  on  water  gaugings  and  mis-  )        4 — i  Engineer  and  3  As- 

cellaneous  surveys )  sistants. 

Biological  party  on  water  analysis,  etc 3 — ^^Biologist,  Chemist  and 

Assistant. 

Teams  for  sanitary  patrol )  .... 

rr,         f  .•  .      V I  Hostler. 

leam  for  engmeer  party    ) 

Steam  launch  for  sanitary  patrol  in  summer. .         i  Boatman. 
Say,  on  a  very  liberal  basis,  in  all 30  ^len. 
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At  Rye  and  Park  Hill,    equalizing   and    dis- 
tributing reservoirs 2  Keepers. 

2  Sanitary  Inspectors. 
6  Gatemen. 
5  Laborers. 

Total 15  Men. 

A  liberal  estimate  for  salaries,  wages,  tools  and  sup- 
plies of  every  description  for  these  45  men  and 
the  necessary  teams,  appears  to  be $60,000  per  year. 

On  Ten  Mile  project,  including  delivery  of  the  East 
Branch  water  at  high  pressure,  we.  thus  have  as 
the  total  maintenance  charge  per  year,  48  miles 
of  aqueduct  maintenance,  at  $1,250 60,000 

Maintenance  and  sanitary  inspection  of  all  reservoirs 

as  above 60,000 


n  a 


t(  it 


Total $120,000 

With  the  Housatonic  added,  the  expenses  on  the 
Upper  Basin  might  be  so  increased,  with  the 
greater  work  of  sanitary  inspection,  as  to  bring 
total  cost  to $80,000 

Maintenance  of  48  miles  of  aqueduct 72,000 

With  500  million  gallon  aqueduct  a  total  of $152,000 

Or,  with  1,000  million  gallon  aqueduct,  a  total  of,  say.        164,000 
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Ten  Mile  River  Supply — Quantity  and  Cost. 

TheTen  Mile  River,  with  a  dam  three-quarters  of  a  mile  above  Webatuck, 
as  shown  by  computations  on  page  347,  can  be  relied  upon  to  supply  150  mil- 
lion gallons  per  day  throughout  a  series  of  years  of  extremely  low  rainfall, 
and  all  of  this  additional  supply  will  flow  by  opening  a  sluicegate  at  Pawling, 
into  the  present  East  Branch  Reservoir  of  the  Croton  Watershed,  and  so  on 
down  into  the  Croton  Lake,  a  part  to  be  carried  thence  to  New  York  for  the 
immediate  future  in  the  present  aqueducts,  which  together,  when  clean,  have 
a  surplus  capacity  of  105  million  gallons  per  day  over  and  above  the  safe  per- 
manent yield  of  the  Croton  Watershed.  No  other  source  of  supply  found 
on  the  map  equals  this  in  directness,  cheapness,  simplicity,  economy  of 
operation  or  facilities  for  quick  construction. 

This  Ten  Mile  Watershed  has,  by  the  concurrent  testimony  of  many  con- 
nected  at  one  time  or  another  ivith  the  development  of  New  York's  water 
supply,  long  been  looked  upon  as  the  most  available  extension  next  in  order 
for  the  supply  of  Manhattan  and  Bronx,  and  after  reviewing  its  possibilities 
of  abundant  storage  development,  its  impervious  dam  site,  its  proximity  to 
present  watershed  and  the  fact  that  by  merely  building  one  dam  its  waters  can 
be  turned  into  the  present  aqueducts,  I  believe  it  certain  that  for  a  supply  of 
only  150  million  gallons  per  24  hours,  this  is  the  best  and  cheapest  extension 
possible.  Indeed;  so  obvious  are  its-  advantages  that  little  beyon4  an  inspec- 
tion of  the  map  and  plain  common  sense,  apart  from  elaborate  estimates,  is 
needed  to  secure  its  favorable  consideration.  The  obstacles  are  mainly  of  a 
legal  nature,  and  arise: 

First,  from  the  diversion  of  water  which  now  finds  its  way  into  the  State 
of  Connecticut,  just  as  the  Nashua  river  now  being  developed  for  Boston's 
supply  finds  its  way  into  New  Hampshire,  and  just  as  the  water  from  Kettle 
Brook  recently  taken  for  the  supply  of  Worcester  formerly  flowed  into  the 
State  of  Rhode  Island,  furnishing  water  to  many  valuable  mills.  The  legal 
difficulties  were  all  readily  solved  in  the  case  of  Boston  and  Worcester ;  it  is 
reasonable  to  expect  that  the  similar  difficulties  in  the  way  of  New  York 
and  the  Ten  Mile  could  be  solved. 

The  second  legal  difficulty  is  that  the  Ramapo  Company  has  filed  a  dam 
and  reservoir  location  a  few  miles  downstream  from  Dover  Plains,  which  is 
not  an  advantageous  one  for  the  best  development  of  the  watershed  for  New 
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York's  supply,  but  which  would  be  in  the  midst  of  the  reservoir  site  herein 
proposed. 

The  third  obstacle  is  the  unfortunate  necessity  of  disturbing  many  home- 
sites,  very  much  as  had  to  be  done  for  the  Massachusetts  Metropolitan 
Supply;  for  which  several  villages  had  to  be  flooded.  Many  large  works  of 
public  improvement  are  subject  to  the  same  unfortunate  necessity,  and  in 
the  Croton  Watershed  many  houses  have  had  to  be  taken  for  the  public  wel- 
fare to  prevent  contamination  of  the  water  supply.  It  is  impossible  to  find  any 
sufficient  source,  except  the  Hudson  river  and  the  ground  waters  of  Suffolk 
County,  Long  Island,  wathin  a  hundred  miles  of  New  York,  whether  Fish- 
kill,  Wallkill,  Ramapo  or  Esopus,  where  similar  disturbance  of  homes  will  not 
have  to  be  accomplished.  To  build  the  Esopus  dams  high  enough  to  give 
it  the  same  yield  of  150  milHon  gallons  daily,  wouM  destroy  a  very  large 
number  of  houses.  The  best  remedy  for  this  is  to  deal  generously  and  give 
each  owner  enough  to  build  himself  a  new-  and  better  house  and  something 
besides.    The  city  can  well  aflFord  to  do  this  to  secure  so  favorable  a  location. 

Previous  Plans  of  Development, 

The  plans  for  developing*  the  Ten*  Mile  rivef  Watershed  heretofore  pro- 
posed, notably  those  set  forth  in  1896  in  the  Report  of  Investigations  for 
Extension  of  Water  Supply  of  the  City  of  Brooklyn,  which  only  looked  for 
100  million  gallons  per  day,  do  not  appear  to  be  the  best  that  can  be  devised 
for  its  full  development  to  supply  150  million  gallons  per  day.  . 

It  now  appears  that  the  best  plan  for  making  the  whole  of  this  watershed 
available  is  by  a  single  high  dam  located  about  f  mile  westerly  from  the 
little  village  of  Webatuck,  N.  Y.,  about  i^  miles  upstream  from  the  confluence 
of  the  Ten  Mile  river  with  the  Housatonic,  thus  raising  the  water  surface  to 
an  elevation  of  450  feet  above  sea  level  \vhen  the  reservoir  is  full,  and  so  plan- 
ning the  outlet  channel  past  Pawling  that  this  reservoir  can  in  time  of  severe 
drought  be  drawn  down  to  elevation  425.  or  420.  above  sea. 

Although  I  have  not  had  opportunity  to  make  borings  in  the  river  bed 
at  the  dam  site,  the  exposure  of  ledge  on  both  the  adjacent  hillsides  and  an 
exposure  of  ledge  bottom  in  the  river  half  a  mile  upstream  and  three-quarters 
of  a  mile  downstream  indicates  that  this  dam  could  be  constructed  of  masonry 
resting  on  a  sound  ledge.  This  Webatuck  dam  would  not  be  very  much 
larger  than  the  Titicus  dam  in  the  Croton  Watershed. 


342  Appendix  No.  6. 

The  Plan  of  Development  of  the  Ten  Mile  Watershed  Formerly 

Proposed  for  the  Supply  of  Brooklyn,  N.  Y. 

Referring  again  to  the  report  on  water  to  be  obtained  from  the  Ten  Mile 
river,  set  forth  in   Report  on  Future   Extensions  of  the  Water  Supply  of  ' 
Brooklyn,  transmitted  to  the  Common  Council  January  31,  1896,  by  Alfred 
T.  White,  Commissioner  of  City  Works,  and  printed  in  a  volume  of  about 
100  pages,  12  inches  by  14  inches: 

On  pages  16,  17  and  42  of  the  said  report  is  given  a  brief  description  of 
the  method  of  development  proposed,  and  in  Table  No.  i,  page  46,  are  given 
the  areas  of  watersheds,  the  reservoir  elevation  and  capacity,  and  on  page  47, 
Table  No.  3,  is  presented  the  estimate  of  cost  of  a  supply  of  100  million 
gallons  per  day.  Of  this  estimate  of  cost  of  supplying  100  million  gallons 
daily  (or  perhaps  127  million)  of  Ten  Mile  water  for  the  supply  of  Brooklyn, 
only  the  two  following  items  will  apply  to  the  supply  of  water  from  the  same 
source  to  Manhattan  and  The  Bronx,  namely : 

••  Estimated  cost  of  storage $4,ooo,cxx>  " 

(Understood  to  include  lands  and  dwellings  flooded,  costs  of  structures  and  all 
expenses  for  development  of  reservoirs  of  191 235  million  gallons  available  capacity  and  35,097 
millions  total  contents.) 
••  Injury  to  water-powers 200,000  " 

Total  for  water  rights  and  reservoirs  complete. $4,200,000 

This  includes  no  allowance  for  the  outlet  conduit. 

For  the  more  extensive  and  much  more  complete  works  herein  proposed 
my  estimate  of  probable  cost  is  more  than  double  the  figure  just  quoted.  But 
I  believe  its  proposed  structures  more  certain  to  be  tight,  cheaper  to  care  for, 
simpler  to  regulate,  and,  on  the  whole,  more  economical  than  the  series  of 
reservoir  dams  planned  in  the  report  just  mentioned.  A  part  of  the  differ- 
ence is  due  to  a  more  liberal  basis  of  estimating  damages  and  to  now  pro- 
viding for  stripping  a  large  portion  of  the  reservoir  bottom  to  improve  the 
quality  of  the  water,  and  in  part  apparently  to  some  unreliable  data  used  in 
the  earlier  figures. 

No  details  are  given  in  the  report  as  to  how  these  sums  in  the  Brooklyn 
estimate  were  reached,  excepting  the  statement  on  page  16:  "  In  estimating 
the  cost  of  reservoirs  w-e  have  assumed  $200  as  the  cost  per  million  gallons, 
which  was  Mr.  Allan  Campbell's  estimate  of  the  cost  of  those  on  the  Croton 
Watershed."  Obviously,  cost  per  million  gallons  in  one  reservoir  is  no 
safe  basis  upon  which  to  estimate  cost  of  dams,  lands  and  legal  expenses,  for 
another  reservoir,  for  with  the  same  number  of  gallons  capacity  in  each  of 
two  reservoirs  the  dam  for  one  mav  cost  four-fold  what  the  dam  will  cost  for 
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the  other,  according  as  the  dam  site  is  favorable  or  unfavorable,  and   the 
valley  above  it  wide  and  long,  or  short,  steep  and  narrow. 

I  began  my  investigations  of  the  feasibility  of  the  Ten  Mile  River  supply 
along  the  same  lines  of  development  proposed  in  the  Brooklyn  report,  but  on 
taking  the  plans  presented  in  Plates  No.  6  and  No.  7,  and  described  in  pages 
16,  17  and  46  of  this  Brooklyn  Report  on  to  the  ground,  I  was  at  a  loss  to 
understand  how  certain  of  these  dam  sites  could  have  been  chosen,  partic- 
ularly the  dam  site  one  mile  north  of  Dover  Plains,  and  after  studying  into 
the  matter,  was  led  to  question  its  estimates  of  cost,  and  to  think  them  the 
results  of  a  more  hasty  reconnaissance  than  at  first  sight  appears,  and  was 
led  to  believe  that  the  assistant  who  made  that  reconnaissance  made  some 
mistakes  in  his  survey.  The  ground  speaks  for  itself  to  any  engineer  who  will 
visit  it.  A  line  of  levels  run  over  it  by  Mr.  George  A.  Taber,  C.  E.,  gives  the 
section  on  the  following  page. 

A  new  examination  was,  therefore,  begun  in  the  effort  to  find  the  best 
possible  site  for  the  ftdl  development  of  this  watershed,  taking  a  broad  view 
also  toward  the  future,  recognizing  that  even  the  whole  of  this  would  suffice 
for  less  than  ten  years'  growth  for  Manhattan  and  Bronx  alone. 

Examination  was  begun  by  exploration  for  reservoir  sites  on  the  tribu- 
taries further  away  from  Dover  Plains.  Apparently  good  sites  exist  which 
could  be  developed  piecemeal  and  utilize  perhaps  half  or  two-thirds  the  capac- 
ity of  the  stream.  This  study  was  not  completed,  because  brief  study  showed 
that  the  best  site  for  the  requisite  storage  to  develop  a  fair  proportion  of  the 
^  whole  flow  must  be  found  somewhere  on  the  main  stream,  or  lead  to  the  same 

losses  found  on  the  Croton  prior  to  completion  of  the  New  Croton  Dam, 
where,  for  example,  on  February  5,  1900,  and  again  on  February  13,  1900, 
water  ran  to  waste  at  the  rate  of  3  billion  and  2  billion  gallons  per  day,  while 
the  reservoirs  on  the  tributaries  were  not  yet  half  refilled.  The  same  volume 
j  of  storage  may  not  be  worth  half  as  much  if  located  on  the  head  waters  of  a 

tributary  as  if  located  at  the  outlet  from  the  watershed. 

The  following  possible  dam  site  sections  were  examined  and  roughly 
surveyed. 

Near  the  State  line  three  possible  sites,  as  follows: 

Site  A.  Almost  exactly  on  the  State  line,  would  require  roughly  400,000  cubic  yards  of  masonry, 
and  cost,  roughly,  say  $2,600,000. 

Site  B.  About  600  feet  above  State  line — ^looks  more  attractive  on  casual  inspection,  but  widens 
out  so  much  at  top  as  to  require  more  masonry,  and  outlook  for  ledge  bottom  less 
favorable  than  at  A.     Requires  also  a  back  dam  to  close  high  valley. 

Site  C.  About  1,000  feet  downstream  from  State  line.  Good  outcrop  of  ledge,  but  apparently 
less  economical  than  A. 
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Following  upstream,  no  particularly  good  sites  are  found  until  f  mile 
upstream  from  Webatuck,  where  the  excellent  site  exists  which  was  finally 
adopted  as  the  basis  of  these  estimates  (and  which  I  subsequently  learn  had 
also  been  noted  as  a  favorable  dam  site  by  Mr.  Birdsall).  No  site  further 
upstream  and  below  the  confluence  of  the  Swamp  river  and  the  Ten  Mile  was 
found  that  appeared  nearly  so  economical  as  this  for  a  high  dam  flowing  the 
whole  river  back  through  Pawling  into  the  Croton.  The  drainage  here  at 
Webatuck  is  7  per  cent,  smaller  than  at  the  State  line  site,  but  the  best  data 
now  at  hand  indicate  that  a  dam  at  Webatuck  will  cost  about  one  million 
dollars  less  than  a  dam  at  the  State  line  site,  because  of  the  smaller  volume  of 
masonry  required  to  close  the  gap. 

From  such  surveys  as  we  found  time  to  make  it  appears  certain  that 
the  dam  site  |  mile  above  Webatuck  is  the  best  that  the  Ten  Mile  river 
affords.  Taking  it  as  the  basis  of  our  estimate  of  cost  is  certainly  safe, 
because  if  a  better  site  or  series  of  sites  is  found,  they  will  be  judged  as  better 
because  of  a  reduced  cost.  While  a  more  detailed  exploration  by  instru- 
mental survey  would  naturally  be  made  before  becoming  definitely  com- 
mitted to  the  Webatuck  location,  it  now  seems  plain  that  this  location  presents 
sufficient  adavantage  over  any  possible  series  of  small  reservoirs  and  canal 
around  Dover  Plains  to  more  than  justify  the  expense  of  buying  out  these 
houses  and  changing  the  railroad  location. 

Estimates  of  Yield  of  Ten  Mile  River  Watershed. 

With  dam  about  150  feet  high  located  about  three-quarters  of  a  mile 
above  Webatuck.  Areas  of  watersheds  and  reservoirs  taken  by  planimeter 
from  maps  of  U.  S.  Geological  Survey. 

Total  area  of  watershed 200.4  square  miles. 

Area  of  water  surface  in  proposed  reservoir  with 

flow  line  at  elevation  450  feet  above  sea. . .  15.0  square  miles. 

Probable  additional  evaporating  surface  in  drain- 
age area  outside  of  reservoir  limits,  consist- 
ing of  ponds,  streams  and  one-half  the 
swamp  area  (roughly) 2.0  square  miles. 

Average  area  of  reservoir  as  partially  emptied 

under  conditions  of  complete  use 13.0  square  miles. 

Total  average  extent  of  water  surfacq  in  water- 
shed with  reservoir  at  probable  levels  re- 
quired in  maximum  use 15.0  square  miles. 

23 
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Net  land  surface  in  watershed 185.0  square  miles. 

Per  cent,  of  water  surface  to  land — average  con- 
ditions    8.1  per  cent. 

Storage  volume  between  elevation  450;  proposed 
flow  line  and  elevation  425  (low  water  level 
in  maximum  drought) 61  billion  gallons. 

Storage  volume  per  square  mile  of  net  land  surface  *330  million  gallons. 

Rate  of  uniform  draft  per  square  mile  of  net  land 
surface  finally  adopted  as  best  adapted  to 
utilize  resources  of  this  reservoir  to  fullest 
extent  consistent  with  preserving  quality  of 
water  without  impairment  from  weeds  grow- 
ing on  margins  when  reservoir  is  too  fre- 
quently kept  below  flow  line  for  long 
periods : 

Per  square  mile  of  gross  area 750,000  gallons  per  day. 

Or  per  square  mile  of  net  land 810,000  gallons  per  day. 

Safe  yield  per  day  from  this  entire  watershed  of 
1  85  square  miles  net  land  correspondlnfif 
to    above   figure   of    810,000   firallons   per 
square  mile— 1  85  x  81  O  =  1  50  million  firallons. 

This  150  million  gallons  per  day  is  the  figiire  finally  adopted 

by  J.  R.  Freeman  for  the  safe  yield  in  the  most  severe 

drought,  and  cycle  of  years  of  smallest  rainfall,  of  this 

Ten  Mile  River  Watershed  with  dam  three-quarters  of  a 

mile  above  Webatuck,  and  reservoir  having  area  and 

available  depth  as  $i[iven  above. 
In  proportion  to  gross  area  of  watershed  this  corresponds  to  a 

safe  yield  of  150  x  f}J  ^  270  million  gallons  per  day. 

from  the  Croton  Watershed  after  the  completion  of  the 

new  Cornell  Dam. 

Probable  greatest  length  of  time  in  course  of  half 
a  century  that  the  reservoir  level  would  ever 
be  continuously  below  spillway  level  with 
this  rate  of  draft,  about 3  years. 

The  Sudbury  records  indicate  three  or  four  years — the 
Croton  records  for  thirty-two  years  indicate  two  or  three  years 
as  the  longest  period  of  depletion,  with  this  rate  of  draft  of 
750,000  gallons  per  square  mile  gross  area,  and  this  per  cent, 
of  water  surface.  See  Table  No.  31,  page  232,  also  Diagrams 
Nos.  46  and  47. 

*  In  these  estimates  of  safe  yield  of  the  Ten  Mile  and  Housatonic  rivers  I  have  closely 
followed  the  Croton  estimate  of  safe  yield  of  275  million  gallons  per  day  from  360  square  miles, 
but  for  confirmation  have  followed  the  method  of  estimate  of  F.  P.  Stearns,  C.  £.,  as  formulated 
and  explained  in  the  Report  of  the  Massachusetts  State  Board  of  Health,  1890,  page  348  et  seq. 

This  Steams  method,  by  the  aid  of  diagrams  like  Fig.  48  and  Fig.  49,  is  very  easily  applied 
and  is  a  much  more  logical  method  and  more  accurate  than  the  old  way  of  assuming  a  certain 
number  of  inches  of  rainfall  as  collectible,  and  available  with  the  given  storage  capacity  ;  and 
thei)  distributing  this  through  an  assumed  number  of  dry  months. 
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Clieck  Estimates  for  Comparison, 

Sudbury  Basis. 

Maximam  uniform  rate  of  draft  per  square  mile  of  net  land 
possible  with  this  storage  volume  per  square  mile  and 
this  percentage  of  water  surface  exposed  to  evaporation 
according  to  Sudbury  records  for  past  twenty-five  years, 
see  Diagram  No.  49 880,000  gallons. 

Greatest  length  of  time  that  reservoir  level  would  have  ever 

been  continuously  below    spillway  in   past   twenty-five 

years  at  this  rate  of  draft,  per  Sudbury  records  (January, 

1879,  to  December,  1S85),  draft  815,000  gal.  sq.  m.  gross 

area 7  years. 

Safe  yield  from  this  entire  watershed   on  Sudbury  basis   185 

sq.  m.  X  880,000  gal.  = 163  million  gallons  per  day. 

Croton  Basis. 

Maximum  yield  as  confirmed  by  Diagram  48,  from  Croton  record — 

Total  available  storage  per  square  mile  of  gross  area 305  million  gallons. 

Ratio  of  water  surface  to  grosb  watershed  area 7.5  per  cent. 

^'^^^^rDi^^^^:.l^TT./.T.^..y.\     9«>.ooo  gallons. 

Safe  yield  entire  watershed,  920,000  x  200^ 184  million  gallons  per  day. 

Safe     yield    square     mile    by    Croton    record     "as)  o^..  ,^,^    -ii^«- 

adjusted,"  diagram  48  . . . .! "  ^55.«»  gallons. 

Safe  yield  entire  watershed,  855,000  x  200— ,„  ^:ii;^„  ««ii««c  ^^^  a^^ 

-according  to  the  adjusted  Croton  records  of  Fig.  48.  f  '^i  million  gallons  per  day. 

Period  of  depletion  p^r  Croton  record  "as  occurred  " 6  years. 

From  the  above  check-estimates  it  appears  that  with  this  very  large 
volume  of  available  storage,  it  would  be  safe  to  rely  upon  a  daily  draft  of 
about  170  million  gallons  per  day  instead  of  the  150  million  gallons  per  day 
which  I  have  adopted  as  a  conservative  figure. 

The  reasons  in  favor  of  the  smaller  figure  are  similar  to  those  which  lead  me  to  call  the  safe 
Croton  yield  275  instead  of  300  or  more  million  gallons  per  day  ;  mainly  the  fear  of  impairment 
of  quality  of  water  by  keeping  a  reservoir  too  long  drawn  below  high- water  mark. 

Whenever  this  objection  is  removed  by  filtration,  then  a  larger  figure  may  be  adopted  for  the 
safe  yield. 

Probable  Cost  of  a  Supply  of  150  Gallons  per  Day  from  the  Ten 
Mile  River,  with  Dam  About  Three-quarters  of  a  Mile  Above 
Webatuck  (or  One  and  One-half  Miles  Upstream  from 
Boundary  Line  Between  New  York  and  Connecticut). 

(The  details  of  the  following  rough  estimates  are  statsd  with  more  than  ordinary  fullness  in 
order  that  whatever  margin  of  uncertainty  there  is  may  be  clearly  apparent,  and  that  it  may  be 
the  easier  to  critically  examine,  check  or  modify  them.  It  is  to  be  kept  in  mind  that  they  are 
based  merely  upon  a  careful  reconnaissance  in  advance  of  detailed  surveys.) 

Cost  of  Masonry  Dam  (See  Fig.  75). 

Dimensions  above  present  surface  of  ground  are  based  on  surveys  and 
levels  in  October,  1899,  by  George  A.  Taber,  C.  E.,  under  my  supervision. 
The  line  of  levels  upon  which  these  elevations  and  estimates  are  based  were, 
started  from  bench-marks  kindly  given  us  by  the  New  York  Water  Supply 
Department,  and  were  checked  across  country  by  Mr.  Taber  to  the  bench- 
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marks  and  levels  of  New  York,  New  Haven  and  Hartford  Railroad  near 
Merwinsville. 

Form  of  dam  proposed  is  similar  to  upper  portion  of  Housatonic  straight 
dam  (Fig.  80).    For  cross-section  of  valley  see  Fig.  75. 

There  is  an  excellent  outcrop  of  hard  limestone  ledge  on  both  sides  of  the 
Ten  Mile  river  at  this  proposed  dam  site.  No  borings  were  made  to  ledge 
in  bed  of  river,  but  excellent  indications  that  it  is  not  deep  are  found  in  the 
bare  ledge  bottom  of  the  river  half  a  mile  above  dam  site,  and  again 
found  three-quarters  of  a  mile  below  this  site,  and  in  the  level  limestone 
formation.  The  probable  excavation  below  the.  present  surface  was  esti- 
mated at  20  feet  near  middle,  according  to  judgment  made  while  on  the 
ground  in  company  with  an  expert  geologist,  from  the  visible  outcrops  of 
ledge  and  from  the  apparent  geological  formation  (see  Appendix  No.  16,  p. 

587). 

Probable  total  masonry  in  Webatuck  dam 214,000  cubic  yards. 

The  unit  cost,  $7.50  per  cubic  yard,  adopted  in 
this  preliminary  estimate  for  Webatuck 
Dam,  complete,  in  view  of  the  possible  dis- 
tance of  a  good  granite  quarry,  is  believed 
to  be  liberal. 

Estimated  cost  of  dam  located  f  mile  above 
Webatuck  214,000  cubic  yards,  at  $7.50  per 
cubic  yard  of  entire  bulk $1,605,000. 

Titicus  Dam,  built  by  Croton  Aqueduct  Commissioners  in 

1890-4  contained  208,450  cubic  yards,  cost $933»o65. 

Total  cost  per  cubic  yard  of  Titicus  Dam,  including  earth- 
work, masonry,  gate-hou<ie  fittings  and  clearing  up $4>47  per  cubic  yard. 

New  Croton  Dam,  if  containing  614.000  cubic  yards,  as  orig- 
inally expected,  at  contract  prices  would  have  cost $6.76  per  cubic  yard. 

Land  Damages  and  Cost,  Ten  Mile  Division  Only. 

Areas  Required  to  be  Taken  for  Reservoir  Purposes  with  Dam  on  Ten  Mile  River 
Three-quarters  of  a  Mile  above  Webatuck  and  Flow  Line  450  Feet  above 
Sea  Lezwl, 

Basis  of  estimate — cultivated  land,  $100  per  acre,  including  legal  and 
other  expenses.  Pasture  land,  $30  per  acre,  including  legal  and  other 
expenses.  This  from  various  examples  of  actual  sale  appears  50  per  cent, 
above  fair  market  value  of  average.    Some  lots  worth  more,  some  less. 

The  following  amounts  of  land  required  include  large  marginal  areas 
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to  be  taken  for  protection  of  the  quality  of  the  water,  around  the  entire  cir- 
cumference of  reservoir,  estimated  to  250  feet  outside  the  flow  line  on  steep 
"hillsides,  and  to  500  feet  outside  the  flow  line  on  flat  slopes,  and  including 
nearly  all  of  the  peninsulas.     • 

Values  of  buildings  and  dwellings  were  estimated  by  hasty  external 
inspection  of  each  by  Morris  Knowles,  C.  E.,  and  adding  50  per  cent,  to  the 
probable  fair  market  value. 

Table  No.  50. 


Town  of  Amenia — 

Land — 5.2  square  miles,  3,330  acres  ;  total  for  land, 
159  dwellings  and  other  buildings  ;  total 


Town  of  Dover — 

(Including  about  .130  acres  land  and  one  dwelling   in 
Town  of  Washington.) 

Land — 17.  i  square  miles,  10,950  acres 

336  dwellings  and  other  buildings 

Town  of  Pawling — 

Land — 1.6  square  miles,  1,024  acres 

18  dwellings  and  other  buildings 


Total  for  513  dwellings. 
15,300  acres  of  land. . . 


LAND. 


$234,000 


911,000 


71,000 


$1,216,000 


(Many  of  these  farm  buildings  are  small,  old  and  out  of  repair,  and  the  fair 
value  of  these  lessens  the  average  cost.) 

Total  iojT  land  and  dwellings  and  accessory  buildings,  within  and  1 
on  the  margins  of  the  proposed  Ten  Mile  Reservoir \ 


BUILDINGS. 


$369,000 


689,000 


33.00) 


$1,091,000 


1,216,000 


$2,307,000 


From  such  few  of  the  buildings  and  such  of  the  lands  in  the  Ten  Mile  basin 
as  I  inspected  personally  with  a  view  to  valuation,  I  think  it  probable  these  prices 
are  as  high  as  those  at  which  lands  and  buildings  were  acquired  by  the  Massachu- 
setts Metropolitan  Water  Board  ;  but  this  item  more  than  any  other  in  the  estimate 
is  subject  to  errors  of  judgment  and  to  being  increased  by  unnecessary  friction  or 
extravagant  methods  in  settlement,  and  should  be  reviewed  by  local  experts. 

About  360  buildings,  including  dwellings  and  factories,  were  taken  for  the 
Massachusetts  Metropolitan  Works  for  the  Wachusett  Reservoir  to  supply  11 1 
million  gallons  per  day  to  Boston  and  vicinity.  Out  of  all  the  dwellings  and  lands 
acquired  by  the  Massachusetts  Metropolitan  Water  Board,  three-fourths  were 
bought  and  paid  for  under  an  amicable  agreement  as  to  ^uct— without  recourse 
to  litigation,  eminent  domain  or  referees,  and  with  no  noteworthy  expense  for 
experts  outside  the  office  force  ;  whence  it  may  be  assumed  that  the  prices  paid  were 
reasonably  liberal. 
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Special  Damages  on  the  Ten  Mile  System,  Mill  Sites,  etc. 

For  obvious  reasons  the  estimates  on  the  following  items  (which  were 
rough)  are  not  presented  separately : 

(a)  Add  for  three  abandoned  mill  sites  and  four  mills  and 
mill  sites  in  use  within  basin. 

(b)  Also  include  injury  to  quarry  buildings  and  unused 
quarry  site  (the  South  Dover  Company's  quarry  would  not  be 
impaired  by  this  Ten  Mile-Webatuck  plan,  but  their  Stone  Polish- 
ing Works  would  have  to  be  moved,  to  conform  to  change  of 
railroad  location,  and  their  trolley  road  would  have  to  be 
extended). 

(c)  Also  including  possible  claims  for  injury  to  certain  small 
water-powers  and  water-rights  on  the  Ten  Mile  river  and  its  tribu- 
taries. 

(d)  Also  for  possible  claims  for  impairment  of  established 
business. 

(e)  Also  include  general  contingencies  of  possible  under- 
estimate of  damage  on  lands,  buildings  and  on  impairment  of  busi- 
ness. 

The  above  items,  a  to  e,  inclusive,  at  a  rough  estimate  aggregate . .      $400,000 
Possible  awards  of  damages  for  inpairment  of  water-power  on 
the  Housatonic  river  by  diversion  of  Ten  Mile  river  only, 
including  legal  and  expert  expenses  on  same,  for  3  develpped 

powers  and  5  proposed  developments,  say 500,000 

For  moving  5  (or  possibly  6)  cemeteries,  public,  semi-public  and 
private,  to  new  site,  landscape  development  and  reinterment, 
and  cost  of  land  for  new  site 80,000 

From  coanting  the  number  of  headstones  there  appears  to  be  in  all  about 
1,800  interments  (the  number  moved  on  the  Metropolitan  work  at  Clinton,  Mass.. 
is  about  4,5ooj.  Experience  in  other  places  indicates  this  $80,000  is  a  liberal 
estimate  for  domg  this  work  in  a  careful  and  appropriate  manner,  with  due  respect 
and  observance  of  all  the  proprieties.  The  above  count  includes  a  count  of  the  600 
in  South  Dover  Cemetery,  all  of  which,  being  50  feet  above  the  flow  line,  would  not 
necessarily  be  disturbed.  Since  a  sentiment  for  its  removal  might  develop,  it  was 
included  for  purpose  of  obtaining  an  outside  figure. 
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Removal  of  bushes,  trees  and  stumps  from  entire  flooded  area 
(exclusive  of  swamps  and  south  arm  provided  for  in  estimate 
of  cost  of  stripping),  aggregate  area  of  wood  and  brush  land, 
about  860  acres  at  $70 $60,000 

(A  contract  for  grubbing  850  acres  in  Massachusetts  Metropolitan  Wachusett 
Resenroir  was  awarded  June  13,  1899,  at  $70  per  acre.) 

Removal  of  organic  matter  from  sites  of  513  dwellings  and  farm- 
yards of  portion  not  completely  stripped,  less  value  of  old 
material.  Removal  of  mud  and  muck  from  beds  of  3  mill 
ponds  of  about  50  acres  total  acrea,  or  covering  deepest 
deposits  with  clean  sand 75,ooo 

Stripping  loam  and  muck  and  vegetable  matter  from  southwest 
arm  of  reservoir  for  about  10  miles  in  length  upstream  from 
outlet  at  Pawling  for  its  entire  average  width  and  filling 
shallow  flowage,  about  4.9  square  miles,  3,100  acres  at  $700 

« 

per  acre  2,170,000 

(There  is  much  uncertainty  in  this  item  because  of  interruption  of  a  reconnais- 
sance or  roueh  survey  of  this  territory,  and  which  ifl  pressure  of  other  matters  was 
not  resumed.) 

According  to  past  practice  on  New  York  City's  reservoirs  this  item  could  be 
omitted,  but,  in  my  opinion,  this  stripping  of  reservoir  bottom  with  its  probable 
prevention  of  growth  of  algse,  etc.,  and  the  bad  taste  arising  from  their  decav, 
which  does  now  occur  occasionally  in  some  of  New  York*s  reservoirs,  would  be 
wise,  and  should  be  included  in  any  preliminary  estimate  to  this  extent  at  least. 

(This  3,000  acres  is  only  73  per  cent,  of  area  now  being 
stripped  in  the  Wachusett  Reservoir  of  the  Boston  Metropolitan 
Supply  at  an  estimated  cost  of  $2,909,600.)  Contracts  have  been 
recently  awarded  at  26  cents  to  35  cents  per  cubic  yard  for  strip- 
ping 2,013  acres.  On  the  estimated  average  depth  of  about  14 
inches,  these  Boston  contracts  aggregate  3,900,000  cubic  yards 
and  average  about  $610  per  acre. 
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Change  in  location  of  railroads  Begmning  ^  mile  south  of  Pawling  Depot, 
raise  tracks  on  their  present  location  ;  retain  present  location  of  depot;  follow  present 
track  location  northerly  to  a  point  just  beyond  cemetery  ;  thence  follow  reservoir 
margin  to  a  point  near  Hurd^s—  cross  south  arm  of  reservoir  at  Kurd's  ;  thence  fol- 
low up  westerly  margin  of  reservoir  on  a  new  embankment  made  in  part  from 
material  taken  from  channel-cut  and  in  part  from  the  stripping  of  reservoir  bed, 
about  16.5  miles  of  main  line,  plus  1.5  miles  sidings,  including  the  whole  work 
involving  land,  heavy  side  hill  cuts,  embankments,  bridges,  tracks,  station  build- 
ings, telegraph  and  fences. 

The  following  estimate  is  based  on  a  brief  reconnaissance  by 
Horace  Ropes,  C.  E. : 

Grading  16.5  miles  new  location  and  0,5  mile  raised 
on  old  location,  including  riprap  where  needed. 
Fills  on  reservoir  margin  made  in  part  from 
reservoir  strippings  faced  with  clean  gravel  and 
riprapped  where  needed,  half  or  more  of  distance 
being  in  heavy  side-hill  work  (17  miles  at  average  » 
$35,000  per  mile) $595>ooo 

r.5  miles  sidings,  grading 15,000 

Bridges  and  trestles  and  culverts,  one  bridge  crossing 
narrow  arm  of  reservoir  at  Kurd's,  3  highway 
crossings,  six  lo-ft.  arch  culverts,  35  2  x  2  cul- 
verts         150,000 

Track — 16.5  miles  main  track  on  new  location,  laid 
and  ballasted;  0.5  mile  raised  and  relaid  in 
present  location — at  $8,000 136,000 

1.5  miles  sidings,  at  $6,000 9,000 

2  new  station  buildings  (combination  freight  and  pas- 
senger) and  raising  Pawling  Depot 12,000 

Fencing — equivalent  to  20  miles  single  fence  (woven 

wire),  at  $200 4,000 

Land  not  covered  in  reservoir  location 5,000 


$924,000 

For  an  outside  figure  call  it  equivalent  to  17  miles  at  about  $59,000 

per  mile $1,000,000 

(Possibly  it  might  be  desired  to  shift  the  line  from  i  to  2  miles  further  west,  or 
west  of  the  range  of  hills  bordering  the  reservoir  if  local  traffic  was  considered 
more  desirable  than  a  low-grade  line  for  freight  from  Chatham.) 

If  so,  the  above  estimate  is  believed  sufficient  to  cover  the  cost,  a  brief  recon- 
naissance having  been  made  over  the  more  difficult  portion  of  such  a  line. 


Ten  Mile  River  Project.  353 

New  highways  on  both  sides  of  Ten  Mile  basin — Compensation 
estimated  equivalent  to  about  35  miles  of  highway,  at 
$20,000  per  mile $700,000 

As  a  matter  of  providing  a  strict  equivalent  this  figure  is  perhaps  $500,000  too 
large.  The  35  miles  of  n>ad  discontinued  are  of  a  quality  that  could  probably  be 
built  for  $2,000  per  mile,  and  a  road  of  same  character  that  the  Croton  Aqueduct 
Commissioners  are  understood  to  have  built  in  Croton  basin,  could  probably  be 
built  for  $5,000  per  mile.  The  broad  macadam  roads  built  around  certain  of 
Boston's  reservoirs  have  cost  fully  $20,000  per  mile,  and  the  actual  cost  may  range 
anywhere  between  these  two  figures  according  to  the  kind  of  road  built.  The 
broad  macadam  road,  with  smooth  easy  grades,  is  an  extravagance  for  this  region, 
unless  viewed  as  compensation  or  liberality  toward  the  town  in  return  for  submerg- 
ing so  much  territory.  The  method  of  compensation  by  building  good  macadam 
roads  in  such  locations  as  desired  by  the  town,  near  to  the  reservoir,  appears  as 
^ood  a  way  as  any  to  add  to  the  attractivenens  of  these  towns  and  aid  their  growing 
industry  of  keeping  summer  boarders,  and  m  full  reparation  for  any  injury. 

Earth-fill  causeway  across  basin  at  Wing,  filled  in  part  from 
strippings,  slopes  to  be  graveled.  Also  earth-fill  causeway  south 
of  Wassaic. 

(Profiles  of  basin  at  these  causeways  at  Wing  and  Wassaic  not  surveyed.  Depth 
estimated  from  contours  of  geological  survey  maps  corrected  by  known  elevation 
at  centre  of  valley  at  Wing.  The  section  at  Kurd's  was  surveyed  while  it  was  being 
considered  as  an  alternative  dam  site.) 

Also  Highway  Bridge  at  Kurd's — ^total  for  3  crossings $175,000 

Outlet  Dam  at  Paii'ling. 

It  is  proposed  to  locate  the  outlet  dam  on  a  line  about  800 
feet  northerly  from  the  Pawling  Railroad  Depot,  at  the  central 
point  shown  in  the  photograph,  Fig.  78. 

Estimate  is  based  on  surveyed  section  across  valley  without  test  pits  or  boring. 
Ledge  outcrops  in  excellent  form  at  both  ends  of  proposed  main  outlet  dam  across 
this  old  channel ;  this  outlet  dam,  location  about  1,200  feet  west  from  the  rail- 
road. A  second  gap  through  which  the  railroad  now  runs  requires  closing  by 
an  earth  embankment  with  a  core  wall.     See  Fig.  77. 

Both  these  Pawling  dams  are  included  in  the  figure  below.  Both  are  very 
simple  ph)positions  requiring  no  spillwaV.     Loi  ation  appears  remarkably  favorable. 

Sound  ledge  or  suitable  base  for  core  wall  assumed  30  feet  below  surface  in 
centre  for  300  teet,  and  assumed  20  feet  below  surtace  for  300  feet. 

Outlet  dams  and  dike  to  be  of  earth,  with  concrete  core  wall; 
greatest  height  of  main  outlet  dam  above  present  surface 
about  35  feet.  Total  length  of  both  dam  and  dike  is  about 
700  feet.  This  figure  includes  also  a  broad  fill  up  along  the 
margin  of  cemetery  made  with  earth  from  the  channel 
excavation — total 85,000 

Masonry  sluiceways,  gates,  hoisting  apparatus  and  gate-house; 
masonry  portion  sufficient  for  ultimate  addition  of  Upper 
Housatonic ;  also  office  and  residence  for  keeper — total ....  50,000 
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Channel  Upstream  from  Outlet  Dam  at  Pawling. 
For  drawing  reservoir  to  Grade  425. 

The  following  estimate  is  based  largely  upon  the  United  States  Geological 
Survey  Maps,  which  were  checked  by  a  stadia  reconnaissance  by  G.  A.  Taber,  C.  E., 
over  a  part  of  the  line.  A  survey  was  started  and  run  for  about  a  mile  up  over  this 
line,  when  interrupted  by  bad  weather  ;  there  has  been  no  opportunity  yet  found 
to  complete  it,  but  the  following  estimate  is  believed  liberal.  The  elevation  of 
ground  along  Croton  East  Branch  and  Swamp  rivers  was  also  determined  in  part 
from  line  of  bench  marks  and  elevations  kindly  furnished  through  courtesy  of  Mr. 
Birdsall  by  Col.  Meehan,  Topographical  Engineer  of  the  New  York  Department  of 
Water  Supply. 

A  broad  lawn  is  proposed  to  be  filled  in  between  the  Pawling  Cemetery  and 
the  new  location  for  the  railroad  and  the  margin  of  the  reservoir  from  material 
dredged  from  the  canal  above  the  sluices,  and  the  eastern  end  of  the  East  Dike  is 
swung  to  the  northward  for  that  purpose. 

Deep  channel  upstream  from  Pawling  into  main  reservoir 
above  Kurd's,  as  per  section  above,  bottom  at  elevation  415; 
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Channel  up-stream  from  Pawh'ng  to  Hurds  Corner.  Fig.  84 

•for  drawing  Reservoir  down  to'Elev.  425.  Size  tufficiont  for  Ten  Mile  plus  Housatonfc. 


bottom  width  40  feet — of  size  and  depth  suitable  for  addition  of 
Upper  Housatonic  river  in  future,  as  per  Fig.  84, 

Earth  excavation  on  basis  of  above  sketch,  not  far 

from  400,000  .cubic  yards,  at  25  cents $100,000 

Assume  ledge,  5  per  cent.,  20,000  cubic  yards,  at  $2. .  40,000 


$140,000 


Or,  to  be  safe,  and  to  allow  for  depositing  a  portion  of  excavated 
material  in  embankment  between  Pawling  Cemetery  and 
Reservoir,  say 

(It  is  quite  possible  that  detailed  surveys  and  test  pits  will  show  that  by  modem 
methods  of  excavation  by  steam  shovels  or  dredging  tnis  channel  can  be  excavated 
for  6ne-half  of  this  sum.) 


$200,000 
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Open  Canal  from  Pawling  Outlet  Dam  South  to  East  Branch  Reservoir. 

The  natural  features  are  remarkably  well  adapted  for  con- 
veying the  Ten  Mile  or  Housatonic  water  from  the  outlet  dam, 
southerly  into  the  present  East  Branch  Reservoirs.  As  shown  in 
the  photograph,  Figure  78,  there  is  a  clearly  defined  ancient 
river  bed,  now  a  swamp,  running  southerly  all  the  way  from  the 
outlet  dam  down  to  a  point  about  half  a  mile  or  more  below 
Pawling,  where  it  gradually  broadens  into  a  wet,  nearly  level 
swamp.  The  topography  and  certain  geological  features  strongly 
point  to  a  river  much  larger  in  volume  than  the  present  Ten  Mile 
at  Webatuck,  having  thousands  of  years  ago  flowed  southerly 
down  past  Wing,  Pawling  and  Patterson^  into  the  East  Branch 
of  Croton  river,  along  the  line  now  proposed  for  this  canal.  The 
report  of  the  geologist.  Professor  Crosby,  on  this  subject,  found 
in  Appendix  No.  16,  page  583,  is  very  interesting.  Indi- 
cations are  strong  that  the  excavation  for  this  canal  would  all  the 
way  be  in  soft,  wet  sand,  that  could  be  excavated  by  a  floating 
dredge  of  the  centrifugal  type  or  endless  chain  and  bucket 
type,  starting  at  either  end  and  at  a  cost  per  cubic  yard  not  more 
than  half  that  at  which  this  work  is  figured  in  the  estimate  below. 

I  made  personally  a  brief  reconnaissance  over  a  portion  of  this  line',  and  a  line  of  levels  and 
measurement  was  begun  by  Mr.  Taber  down  along  tnis  proposed  canal,  over  the  frozen  surface  of 
the  swamp,  in  order  to  more  closely  estimate  the  cost  of  excavation,  but  this  stadia  survey  was 
interrupted  by  the  sudden  flood  of  February.  5.  The  swamps  were  again  flooded  February  13  and 
remained  impassable  for  survey  for  some  weeks. 

A  reconnaissance  was  subsequently  made  by  Horace  Ropes,  C.  £.,  who  tramped  over  or  near 
to  the  proposed  canal  line  for  its  entire  length  from  Pawling  to  a  short  distance  below  Deforest 
Comers,  armed  with  a  steel  sounding  rod  and  probed  the  depth  of  the  mud  and  examined  the 
characteristics  affecting  cost  of  excavation.^  Substantially  the  whole  appears  to  be  material  that 
could  be  handled  by  a  dredge  and  deposited  as  in  Fig.  85  at  a  cost  of  say  10  cents  per  cubic  yard. 

Mr.  Ropes*  report  of  this  exploration  is  as  follows  : 

I  examined  the  East  Branch  valley  from  Pawling  south  for  10  miles. 

Through  the  Village  of  Pawling,  for  about  ^  mile,  the  bottom  of  valley  is  only  from  175  to 
250  feet  wide  ;  rock  shows  at  points  in  the  bluffs  on  each  side.  In  this  flrsf  }^  mile  south  of  the 
proposed  outlet  dam,  4  soundings  showed  from  3  to  6  feet  of  sand,  overlying  what  felt  like  hard 
packed  gravel. 

From  the  crossing  of  the  road  running  south  from  Pawling  to  the  end  of  mile  2  from  the 
outlet  dam,  the  valley  grows  wider.  The  bottom,  varying  from  600  to  1,500  feet  wide,  becomes 
swampy  in  character  and  seems  to  be  a  pocket  of  deep  black  muck.  My  12-foot  sounding  rod 
failed  to  touch  bottom  at  points  which  were  generally  nearer  the  edge  than  the  centre  of  this 
swamp.  Mr.  J.  B.  Dutcher  told  me  that  when  he  reclaimed  a  small  portion  of  this  swamp,  near 
its  head,  he  drove  a  scantling  24  feet  long  down  its  full  length  without  reaching  hard  bottom. 
For  the  next  i  ^  miles,  or  to  about  %  mile  north  of  Patterson,  the  bottom  still  has  the  appearance 
of  a  timbered  swamp,  but  this  section  is  not  boggy  like  the  last,  the  soundings  showing  3  to  5  feet 
of  fine  sand  apparently  overlying  clay.     Clay  is  exposed  in  creek  bed. 

At  crossing  of  east  and  west  road  at  Patterson,  I  foand  5  feet  of  mud  and  then  apparently 
coarse  gravel.  The  United  States  Geological  Survey  Map  is  incorrect  in  showing  a  divide  j4 
mile  north  of  this  last  point ;  the  brook  is  continuous  through  this  gap. 

For  the  next  4  miles  south  the  bottoms  are  from  1,500  to  2,500+  feet  wide  and  generally 
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timbered  and  swampy  in  appearance.  For  I  mile  south  of  the  Patterson  road  there  seems  to  be 
generally  from  3  to  4  feet  of  fine  sand  with  clay  bottom  ;  for  the  next  mile,  or  mile  and  a  quarter, 
there  is  a  pocket  of  10+  feet  of  black  mud. 

For  ^  mile  north  and  south  of  the  road  crossing  near  Haviland  hollow,  the  bottoms  are 
high  (3  or  4  feet  above  water  line),  dry  and  open  ;  sand  and  clay  10  feet  deep,  then  coarse  gravel. 

I  mile  south  of  this  latter  road  crossing  or  about  jyi  miles  from  outlet  dam,  I  again  found 
10+  feet  of  soft  mud  about  100  feet  from  east  side  of  swamp. 

At  i^  miles  south  the  formation  was  5  feet  of  fine  sand  over  rather  soft  clayey  bottom,  and 
this  continued  to  a  point  8^  miles  south  of  outlet  dam,  where  the  valley  is  narrowed  to  about 
300  feet  width  by  side  hills  of  boulder  drift.  At  this  narrow  place  there  may  be  some  boulders 
found  in  the  bottom,  but  the  indications  in  bed  of  the  creek  pointed  more  to  coarse  gravel,  with 
a  good  many  cobbles,  but  not  many  boulders. 

Southward  from  here  nearly  to  the  end  of  the  tenth  mile,  it  is  open  meadow,  2  or  3  feet 
higher  than  the  river,  and  generally  fine  sand  about  5  to  6  feet  deep  overlying  clay,  though  I 
found  10+  feet  of  mud  at  one  place  about  }4  mile  north  of  the  road. 

At  the  road  crossing,  boulder  drift  encroaches  on  the  valley  again,  and  also  again  at  the  end 
of  mile  10. 

These  intrusions  of  boulder  drift  would  in  each  case  not  affect  more  than  400  to  5CX)  feet  in 
length  of  the  canal,  and  are  at  no  place  of  such  nature  as  to  prohibit  the  use  of  dredges. 

It  appears  most  improbable  that  ledge  would  be  encountered  anywhere  along  the  line  of  this 
proposed  canal,  at  any  depth  of  less  than  15  feet,  unless  it  may  be  in  the  first  |^  mile  through 
rawling,  and  even  there  I  am  stront^ly  of  the  opinion  that  there  is  generally  10  feet  or  more  of 
drift  overlying  it.  The  general  character  of  the  ground  appears  favorable  for  excavation  by  a 
dredge  for  substantially  the  entire  length  of  the  proposed  canal." 

In  our  estimates  we  were  further  guided  by  the  height  of  ground  shown  by  the  contours  of 
the  VVorthen  Map  of  the  Croton  Watershed,  and  by  a  number  of  elevations  of  ground  along  the 
bed  and  banks  of  the  East  Branch  of  the  Croton  river,  kindly  given  by  Col.  Meehan  from  the 
results  of  surveys  made  under  his  direction  during  the  past  season.  The  ground  is  so  remarkably 
level  that  the  resulting  estimate  of  quantity  of  material  to  be  moved  cannot  be  far  in  error. 

If  this  150  million  gallons  of  Ten  Mile  river  water  were  simply  let  run  from  Pawling  Outlet 
Dam  without  any  new  open  canal  being  excavated,  it  would  find  its  way  along  present  water- 
courses into  East  Branch  Reservoir,  but  there  would  be  claims  for  damages  in  making  certain 
meadows  more  wet,  and  the  railroad  culverts  are  insufficient  to  pass  large  volumes.  Apart  from 
these  reasons  I  believe  a  deep  open  canal  for  all,  or  nearly  all  this  distance,  well  worth  its  cost  as  a 
means  of  draining  the  swamp  and  improving  Quality  of  water,  although  only  the  Ten  Mile  river 
were  taken  ;  with  the  uppei  Housatonic  added  this  canal  becomes  an  absolute  necessity. 


broad  swamp) 
Natural   Ground^ 


Where  near  side  hifl 

SSx  Storm  Slope  2  to  I 

&%,  water 

ditch  ^,0^.  ^  Flowline^ 


Opeo  Canal  through  ancient  Rivec  bed  and  Swamp 

south  from  Outlet  Dam  at  Pawling,  '^'^f*  ^ 

The  above  width  is  for  Ten  MHe  only,  if  Housatonic  is  added, 
the  bottom  should  be  made  20  ft.  wider. 

The  form  of  channel  proposed  is  shown  in  Figure  85.  This  form  of 
section  is  designed  more  particularly  for  the  portion  through  Pawling  Village 
and  for  a  mile  or  more  below  it.  The  excavated  material  is  to  be  placed  so  as 
to  form  embankments  or  dikes  on  either  side  of  the  canal,  and  with  channels 
for  storm  water  outside  these  dikes,  by  which  the  street  wash  during  a  storm, 
and  any  chance  surface  drainage  of  Pawling  Village  would  be  excluded  until 
it  had  run  down  a  mile  or  more  to  a  point  where  it  could  be  ponded,  and  then 
let  into  the  channel  only  by  natural,  slow,  sand  filtration.     Where  the  canal 
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runs  through  muck  it  is  proposed  to  cover  the  bed  and  banks  with  a  thick 
layer  of  gravel. 

The  details  of  carrying  floods  of  the  East  Branch  of  the  Croton  river  without  wash  of  the 
banks  of  this  canal  can  be  arranged  later  without  noteworthy  addition  to  expense. 

The  brook  now  entering  the  head  of  Swamp  river  from  the  west,  south  of  Pawling  Dam, 
would  be  diverted  to  above  the  dam,  aad  the  cost  of  this  is  covered  in  the  estimate. 

Eleven  and  five-tenth  miles  open  canal  of  the  general  section 
shown  in  Figure  85,  bottom  slope  5  inches  per  mile,  bottom 
width  10  feet  for  upper  2  miles,  20  feet  bottom  width  for  lower 
10  miles,  side  slopes,  3  to  i,  graveled. 
Estimated  earth  excavation,  2,200,000  cubic  yards,  at  25  cents, 

including  all  rock,  boulders  and  hard  gravel $550,000 

Surface  indications  strongly  indicate  this  material  could  be  very  cheaply  exca- 
vated and  deposited  by  a  floating  dredge,  of  either  the  ceutrifu&[al  or  endless  chain 
and  bucket  type,  at  half  this  price. 

The  geological  indications  are  that  this  channel,  so  far  as  line  was  reconnoi- 
tered,  lies  wholly  in  the  bed  of  a  broad  ancient  river  of  small  declivity,  which  has 
become  diverted  and  its  bed  deeply  filled  with  water-borne  deposits  of  fine  sand, 
and  that  little  or  no  ledge  would  be  encountered. 

This  $^50,000  for  11.5  miles  averages  $9  per  lineal  foot.  A  canal  of  same  type, 
shown  in  Fieure  58,  and  about  the  same  size  of  cross-section  3  miles  in  length,  in 
material  probably  more  difficult,  excavated  by  hand  on  the  Massachusetts  Metro- 
politan Works  in  1897,  actually  cost  about  f  10  per  lineal  foot. 

Land  damages  along  canal — 

Say  2,000  acres  wet  swamp,  averaging  at  $25 $50,000 

200     "     grass  land,  at  $100 20,000 

$70,000 


((  ^^^         a 


The  land  through  which  this  canal  would  run  is  mostly  a  wet 
swamp,  averaging  about  i  mile  wide,  of  almost  no  value  in 
the  middle  half,  but  with  some  good  grass  land  along  the  outer 
and  drier  portions.  It  would  probably  be  best  in  the  long  run  for 
the  city  to  buy  outright  all  of  the  swamp  land  at  the  outset  and 
control  it,  and  convert  it  by  drainage  into  good  grass  land,  which 
would  improve  quality  of  water  collecting  in  Sodom  Reservoir. 

Summary — Ten  Mile  Water  Supply  Reservoir  and  Canal. 

Dam  f  mile  above  Webatuck $1,605,000 

Land  and  dwellings  on  reservoir  site 2,307,000 

Probable  damages  for  taking  of  mills  and  all  water-power  sites 
in  basin;  possible  damages  for  diversion  of  water-power  from 
Housatonic;  possible  damages  for  impairment  of  established 
business 900,000 
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Removal  of  cemeteries $80,000 

Removal  and  grubbing  of  trees,  stumps  and  bushes ;  removing  mud 

from  mill  ponds  and  clearing  up  portion  of  basin  not  stripped.  135,000 
Removal  of  turf,  muck  and  loam  from  entire  southeast  arm  of 

basin  from  Dover  Furnace  to  Pawling,  10  miles  in  length, 

3,100  acres 2,170,000 

Change  in  location  of  Harlem  R.  R.,  about  17  miles  at  $59,000. .  1,000,000 
35  miles  new  highways  and  3  new  highway  bridges  across  arms 

of   reservoirs 875,000 

Outlet  dam  and  sluices  at  Pawling 135,000 

Deep  channel  for  drawing  reservoir  low,  sufficient  for  taking 

Housatonic  water  also  if  wanted  in  future 200,000 

Storm  water  channels  and  filtration  dam  and  diversion  of  two 

brooks  in  Pawling 50,000 

New  deep  channel  11. 5  miles  long  draining  swamp  and  delivering 

water  into  Sodom  Reservoir  (not  absolutely  necessary  for 

entire  length,  and  can  be  extended  10  years  hence  as  cheaply 

as  now) 550,000 

Purchase  of  swamp  lands  along  East  Branch  of  Croton  River 

(say) r 70,000 

Sewage  disposal  works  for  Pawling  and  Patterson  (say) 100,000 


/ 


Total $10,177,000 

Add  for  engineering  and  contingencies  at  15  per  cent,,  instead  of 
the  ordinary  10  per  cent.,  because  of  lack  of  precise  surveys, 

15  per  cent,  on  $10,177,000 1,526,000 

Add  for  contingencies  on  real  estate  and  other  settlements,  say. .     1,000,000 


Total  estimated  cost  for  supply  of  15c  million  gallons  per  day  deliv- 
ered into  Sodom  Reservoir  at  415  feet  elevation  above  sea 
level,  or  into  Croton  Lake  and  Aqueducts  without  additional 
expense  ($84,654  per  million  gallons) $12,703,000 


For  comparison  we  note  that  ihe  estimated  expenditure  for  an  additional  supply  of 
III  million  gallons  per  day  to  Massachusetts  Metropolitan  District,  now  under 
construction — for  reservoir  (including  complete  stripping  of  bottom),  lands, 
buildings,  water  rights  taken,  cost  of  dams  and  aqueduct  as  far  as  Sudbury 
Reservoir,  was $11,883,000 


This  last  amount  corresponds  closely  to  cost  of  works  estimated  above,  and  tends  to  show 
that  the  cost  of  Ten  Mile  supply  is  not  unreasonable  for  the  quantity  of  water  to  be  obtained. 
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Appendix  No.  7, 

Supply  from  the  Upper  Housatonic. 

The  Housatonic  river,  as  a  source  of  supply  for  New  York,  was  inves- 
tigated by  Horace  Loomis,  C.  E.,  in  1878  and  1879.  A  report  dated  April  21, 
1879,  giving  a  full  description  of  the  works  proposed,  will  be  found  in  the 
Report  of  the  Department  of  Public  Works  for  1879.  This  plan  was  radically 
different  from  that  herein  proposed  and  on  a  very  much  smaller  scale. 

It  was  then  sought  to  take  only  100  million  gallons  per  day  from  the  ordi- 
nary flow  of  the  Housatonic  without  any  special  provision  for  storage,  and  to 
deliver  this  by  means  of  a  tunnel  and  open  canal  along  the  contour  of  the 
hillsides  into  the  Croton  Watershed  at  Pawling.  Gaugings  of  the  main 
stream  were  made,  and  the  minimum  yield  without  the  construction  of  stor- 
age found  to  be  only  about  170  million  gallons  per  24  hours.  It  had  been 
at  first  proposed  to  take  the  Housatonic  at  Bull's  Bridge,  and  utilize  the 
surplus  flow  above  the  100  million  gallons  for  elevating  the  supply  sufficiently 
so  that  it  would  flow  by  gravity  toward  the  Croton,  but  the  low  water  flow  of 
the  river  was  found  so  small  as  to  make  this  out  of  the  question. 

The  most  economical  of  the  remaining  projects  considered  by  Mr. 
Loomis  was  that  of  tapping  the  river  at  West  Cornwall  and  conducting  the 
water  by  gravity  to  Pawling.  It  is  of  interest  in  this  connection  to  note  that 
Mr.  Loomis,  after  examining  the  East  Branch  of  the  Croton,  estimated  that 
the  sum  of  $81,312  expended  for  dredging,  removing  certain  reefs  and  ledges 
of  hard  pan,  would  deepen  the  channel  enough  so  that  this  100  million  gallons 
per  day  could  be  safely  conveyed  down  the  river  chanel  past  Patterson  and 
beyond.  It  will  be  noted  that  I  have  estimated  upon  a  very  much  more 
liberal  basis  for  the  improvement  of  this  channel. 

It  is  also  of  interest  to  note  that  Mr.  Loomis  estimated  the  damages  for 
developing  100  million  gallons  per  day  at  $185,000  to  be  paid  the  proprietors 
of  the  water-power  at  Bull's  Bridge  and  the  other  mill  sites. 

Hardness  of  Ten  Mile  and  Housatonic  Water. 

Another  item  of  Mr.  Loomis's  report,  of  special  interest  in  considering 
the  present  plans,  is  a  chemical  analysis  of  the  water  by  Professor  Charles  F. 
Chandler,  who  reported  it  very  much  the  same  as  the  Croton  water,  and  with 
hardness  only  one  degree  greater  than  the  Croton.  This  question  of  the 
softness  or  hardness  of  the  Housatonic  water  gave  me  some  concern,  because 
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of  a  large  amount  of  lime-stone  formation  shown  by  the  geological  maps 
along  its  head  waters,  and  I  had  one  or  two  samples  carefully  collected  and 
analyzed.  The  hardness  of  these  samples  was  found  greater  than  the  best 
practice  in  New  England  commends,  but  this  test  was  manifestly  unfair 
because  the  samples  were  taken  after  a  drought  of  unusual  severity,  described 
by  the  farmers  along  the  Ten  Mile  and  the  Housatonic  as  *'  the  worst  that 
they  had  known  for  twenty  years."  The  water  flowing  in  the  stream  at  the 
time  the  samples  were  taken  was  almost  entirely  ground  water,  and  not  in  any 
way  fairly  representative  of  the  average  flow  of  the  year,  or  of  the  spring 
flood  water  as  it  would  be  found  after  storage  in  a  great  reservoir.  From 
considering  the  matter  with  some  care,  I  am  led  to  believe  that  the  hardness 
of  the  water  would  be  a  little  greater  than  that  of  the  Croton,  but  not  suffi- 
ciently so  to  cause  special  comment  or  trouble,  or  to  interfere  with  the  ordi- 
nary uses  for  the  laundry  and  the  generation  of  steam,  but  I  would  earnestly 
recommend  that  the  collecting  of  weekly  samples  be  at  once  begun  and  con- 
tinued through  at  least  one  year,  and  that  note  be  made  of  the  quantity  flow- 
ing at  the  time  of  each  sampling,  and  each  sample  be  multiplied  by  a  factor 
proportional  to  the  volume  of  flow,  when  making  up  the  average  hardness 
for  the  year. 

Possible  Pollution  of  Housatonic. 

The  Upper  Housatonic  is  mainly  a  mountain  stream,  draining  the  Berk- 
shires,  but  on  its  banks  are  the  towns  of  Great  Barrington  and  Pittsfield,  a 
long  way  upstream.  I  am  informed  that  the  purification  of  the  sewage  of 
each  of  these  towns  before  permitting  it  to  enter  the  stream  is  now  under 
active  consideration,  and  under  the  excellent  practice  of  the  Massachusetts 
State  Board  of  Health  there  appears  to  be  very  little  doubt  that  this  objec- 
tionable element  will  soon  be  removed  in  large  degree. 

A  very  great  safeguard  to  the  healthfulness  of  the  water  delivered  from 
the  proposed  Ten  Mile  and  Housatonic  Reservoir  is  found  in  the  great  size 
of  this  reservoir,  the  long  period  of  subsidence,  and  in  the  peculiar  shape  of 
the  reservoir  (see  Figure  16),  by  which  any  given  mass  of  water  would  be  so 
long  in  traveling  from  the  inlet  to  the  outlet  of  the  reservoir,  that  the  harm- 
fulness  of  any  pathogenic  bacteria  would  probably  cease.  A  good  illustration 
bearing  upon  this  is  the  experience  w^ith  the  Mystic  Reservoir  of  Boston, 
which,  with  the  advent  of  the  new  Metropolitan  supply,  has  been  abandoned, 
but  which  was  used  for  many  years  to  supply  a  large  portion  of  the  com- 
munity. The  small  river  that  fed  this  flowed  through  a  very  populous  dis- 
trict and  had  many  sources  of  pollution;   as   I   had  frequent   occasion  to 

24 
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observe.  The  reservoir  forunately  was  of  such  conformation  that  the  water 
was  a  long  time  passing  from  the  mouth  of  the  river  to  the  intake  of  the 
pumps,  and  no  other  good  reason  appears  for  the  actual  absence  of  epidemics 
that  might  have  been  expected  from  the  impure  water  flowing  into  the  reser- 
voir. 

Stripping  Reservoir  Bottom. 

I  have  entered  in  the  estimate  of  cost  a  very  large  sum  (more  than  two 
million  dollars)  for  the  complete  stripping  of  the  southwesterly  arm  of  the 
basin  for  its  entire  width  and  for  a  length  of  upward  of  ten  miles,  and  were  it 
not  for  the  statements  of  Mr.  Birdsall  and  Mr.  Fteley,  that  the  Croton  Reser- 
voirs have,  in  their  opinion,  shown  little  need  for  any  such  artificial  removal 
of  the  organic  matter  from  their  bottoms,  I  should  have  gone  further  in  this 
estimate  and  provided  for  stripping  a  still  larger  area.  It  will  be  noted  that 
the  central  portion  of  the  basin  for  zvhich  no  estimate  for  stripping  has  been 
included  is  much  of  it  so  deep  that  tlie  troubles  sometimes  incident  to  shallow 
reservoirs  having  organic  matter  at  the  bottom  would  be  probably  avoided. 

None  of  the  Croton  Reservoirs  have  had  the  turf  and  organic  matter 
removed  in  this  manner,  yet  it  is  stated  that  after  a  few  years  of  use  they 
come  into  satisfactory  condition,  but  in  my  various  inspections  of  the 
Croton  Lake  in  particular,  I  have  at  times  seen  such  growths  of  algae  as  to 
prompt  a  recommendation  for  stripping  the  area  already  mentioned,  notwith- 
standing its  large  expense,  and  in  view  of  the  careful  studies  of  the  Massachu- 
setts State  Board  of  Health  and  the  engineers  of  the  Boston  Water  Board  and 
the  conclusions  reached  regarding  the  recent  reservoirs  for  Boston  and  the 
Metropolitan  supply  /  zvould  strongly  recommend  that  this  matter  of  the  pos- 
sible advantage  of  stripping,  at  least  the  shallozv  portions  (over  which  water  will 
ez'er  be  draum  doum  to  a  depth  of  less  than,  say,  10  or  20  feet),  for  all  future 
reservoirs  for  New  York  should  receive  further  expert  study,  unless,  indeed, 
filtration  is  to  be  planned  from  the  first. 

With  this  stripping  of  the  lower  twelve  miles  of  the  Ten  Mile  Reservoir 
down  to  clean  gravel  (or  covering  with  gravel  the  portions  not  so  stripped), 
with  the  very  ample  marginal  strips  provided  for  in  my  estimate  of  cost, 
with  the  covering  of  bog  holes  and  old  mill  ponds  with  a  thick  layer  of  clean 
gravel,  there  can  be  no  reasonable  doubt  that  this  Ten  Mile  or  Housatonic 
water  will  be  as  good,  or  better  than  the  Croton. 
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Future  Filtration. 

In  considering  a  comprehensive  system  of  water  supply  for  the  future, 
it  is  well  to  ask  if  the  tendency  must  not  everywhere  be  toward  filtration,  and 
if  the  public  will  not,  sooner  or  later,  become  educated  to  a  more  exacting 
standard,  and  to  demand  a  water  more  clear  in  its  appearance  and  more 
attractive  in  taste  at  all  seasons  of  the  year.  The  cost  to  the  average  citizen,, 
man,  woman  and  child  in  New  York,  is  now  only  a  dollar  per  capita  for  his 
domestic  water  supply,  and  it  may  well  be  questioned  if  he  will  not  at  some 
future  time,  and  perhaps  not  distant,  willing  pay,  say,  thirty-five  cents*  more 
per  year  per  head,  or  $3.50  per  year  for  a  family  of  ten,  to  have  this  supply 
filtered.  Whenever  the  public  becomes  educated  up  to  demanding  restric- 
tion of  waste  and  to  consent  to  universal  metering,  then  this  ideal  of  filtration 
will  be  much  more  easily  and  cheaply  attained.  The  question  there- 
fore comes,  is  it  not  wise  to  now,  when  planning  aqueducts,  to  arrange  the 
grades  so  filtration  can  be  cheaply  applied  at  any  future  time  without  pump- 
ing? And  when  planning  a  reservoir  like  the  proposed  terminal  reservoir  at 
Park  Hill,  or  the  reservoir  at  Rye,  is  it  not  best  to  secure  a  generous  tract  of 
land  which  would  be  available  for  the  future  filtration  plant,  and  could  in  the 
meantime,  if  not  needed  for  filter  beds,  serve  admirably  as  a  park? 

The  water  system  could  readily  carry  the  expense.  Personally,  I  firmly 
believe  that  such  is  the  only  wise  course,  and  that  provision  for  obtaining 
suitable  area  and  provision  for  a  drop  of,  say,  10  feet  are  sufficient  for  mani- 
pulation of  filters  without  expense  of  pumping  should  be  incorporated  in  the 
plans  for  the  new  supply  which  must  soon  be  constructed. 

Attention  may  also  be  directed  to  the  remarkable  stretch  of  level  land 
extending  for  twelve  miles  along  the  side  of  the  proposed  channel  between 
Pawling  and  Milltown  Bridge.  It  i$  not  impossible  that  under  the  rapid 
development  of  the  art  of  filtration,  some  portion  of  this  could  be  availed 
of  for  natural  filtration. 

I  have  hesitated  to  include  anv  estimate  for  filtration  in  the  cost  of  these 
proposed  plans  for  the  Housatonic  water  merely  because  it  is  at  variance  with 
ordinary  practice,  but  let  there  be  10  to  20  years  of  earnest  work  in  stopping 
waste  and  enough  could  be  saved  to  go  far  toward  providing  filtration  for 
every  gallon  of  water  delivered  and  with  the  available  pressure  and  volume 
give  New  York  throughout  its  several  boroughs  in  truth  the  best  large 
water  supply  in  the  world  and  all  at  a  surprisingly  low  cost. 


*  35  cents  per  capita  for  2,000,000  inhabitants  —  $700,000  per  year,  at  226  million  gallons 
per  day  total  consumption  and  waste  in  1899  X  365  days  —  82,600  million  gallons  per  year,  or  35 
cents  per  capita  is  VAW  ""  ^^-S^  per  million  gallons  for  filtering  everything  for  Manhattan  and 
Bronx,  including  waste. 
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HousATONic  Dam  Site. 

Nature  has  favored  the  Housatonic  project  by  providing  a  deep,  narrow 
gorge,  with  granite  walls,  where  one  dam  of  almost  precisely  the  same  size  and 
height  of  the  New  Croton  Dam  now  under  construction,  will  hold  all  the 
water  of  a  thousand  square  miles  of  watershed,  of  both  the  Housatonic  and 
the  Ten  Mile  rivers  in  storage  and  turn  it  into  the  Croton  Watershed  at 
Pawling.  In  Figure  No.  79  the  transverse  section  of  the  valley  at  this  point 
about  one  mile  below  Merwinsville,  Conn.,  is  shown  and,  for  comparison,  a 
section  of  the  Croton  Dam  site  measured  out  to  the  actual  lines  of  construc- 
tion, is  also  shown  in  the  same  drawing,  superimposed. 

The  Housatonic  Dam  site  appears,  however,  very  much  more  advan- 
tageous than  the  Croton  because  of  it  being  in  sound  granite,  instead  of 
bedded  in  a  rock  like  the  partially  disintegrated  limestone  on  which  a  large 
portion  of  the  Cornell  Dam  rests.  I  have  not  had  opportunity  to  make  borings 
in  the  bed  of  the  stream,  but  the  ledge  is  plainly  exposed  at  many  points,  as 
indicated  in  the  plan.  Figures  Nos.  81  and  82,  by  the  cross  hatching.  On  the 
easterly  side  of  the  valley,  in  particular,  the  covering  of  drift  gravel  on  top  of 
the  granite  is  very  shallow,  giving  abundant  opportunity  to  examine  its  char- 
acteristics. The  question  may  naturally  arise  as  to  whether  this  deep,  narrow 
gorge  had  its  origin  in  a  fault  or  displacement  of  the  bed  rock  and  whether 
there  is  likely  to  be  a  line  of  seamy,  blocky  or  partially  disintegrated  stone 
found  at  the  bottom  of  the  valley.  I  therefore  called  upon  Professor  William 
O.  Crosby,  of  the  Department  of  Geology  at  the  Massachusetts  Institute  of 
Technology,  and  Consulting  Geologist  to  the  Massachusetts  Metropolitan 
Water  Board,  under  whose  supervision  much  of  the  work  of  exploration  by 
diamond  drill  borings  has  been  made  for  the  dam  site  at  Clinton,  to  make  an 
examination  of  the  surroundings  of  this  Housatonic  dam  site. 

Professor  Crosby's  report  on  this  dam  site  will  be  found  in  Appendix 
No.  16,  page  585. 

The  opinion  is  given  by  Professor  Crosby  that  in  all  probability  sound 
rock  would  be  found  at  the  bottom  of  the  gorge.  The  indications  of  the  sur- 
roundings are  extremely  favorable  as  to  the  homogeneity  of  the  rock  on  the 
two  sides  of  the  valley  and  to  the  valley  having  been  caused  simply  by  erosion. 
The  outcrop  of  the  east  side  is  particularly  sound  and  smooth,  evidently 
made  so  by  glacial  action,  and  the  probabilities  are  that  under  the  shallow 
covering  of  modified  drift  in  the  lower  half  of  the  section,  the  rock  will  be 
found  even  more  sound  than  at  the  outcrop,  because  of  this  drift  deposit 
having  shielded  it  from  the  action  of  frost.  The  stone  at  both  ends  of  the  dam 
site  appears  admirably  adapted  for  the  construction  of  the  dam,  and  the  sur- 
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Fig.  80 
SECTION  OF  DAM. 

Provisional,  for  Purpose 
of  Preliminary  Estimate. 
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face  indications  all  point  to  the  feasibility  of  opening  an  excellent  quarry  at 
each  end  from  which  a  single  reach  of  cable-way  could  land  the  blocks  of 
stone  on  the  dam. 

Time  of  Btiilding. 

The  completion  of  this  dam  fixes  the  date  when  Housatonic  water  could 
be  delivered  in  New  York  via  Croton  Aqueducts. 

This  Housatonic  dam  could,  without  doubt,  be  built  more  quickly  than 
the  New  Croton  Dam.  Much  time  was  lost  in  getting  started  on  the  New 
Croton  Dam,  and  the  enormous  amount  of  excavation  required  to  reach 
sound  rock  also  added  much  to  the  delay.  Three  and  a  half  years*  were  spent 
in  getting  down  to  sound  rock  and  in  preparing  the  bed  before  the  laying  of 
the  foundation  was  begun.  The  opinion  is  held,  if  I  mistake  not,  by  the  engi- 
neers in  charge  of  the  construction  of  the  New  Croton  Dam,  that  if  the  work 
was  to  be  done  over  again,  under  the  experience  gained,  that  dam  could  be 
completed  within  seven  years.  This  work  on  the  Croton  has  been  carried 
along  summer  and  winter,  but  has  not  been  pushed  very  hard  in  cold  weather. 
No  night  work  in  laying  stone  has  been  attempted. 

It  would  appear  not  outside  of  the  possibilities,  in  view  of  the  very  favor- 
able location  of  this  proposed  Housatonic  dam  in  relation  to  its  quarry  site, 
the  small  amount  of  excavation  in  cleaning  off  the  rock  preparatory  to  laying 
stone,  and  the  possibility  of  carrying  on  the  work  throughout  the  twenty- 
four  hours,  by  three  shifts  of  workmen,  that  this  dam  could  be  constructed  in 
five  years  from  the  time  work  was  begun. 

Question  will,  of  course,  at  once  be  raised  as  to  the  expediency  of  night 
work,  with  the  danger  that  under  poor  illumination,  less  perfect  inspection 
and  the  confusion  of  shadows,  some  cavities  may  not  be  properly  filled. 

Difficult  and  important  work,  subject  to  great  pressure,  is  carried  on  in 
the  darkness  in  tunnels  and  in  caissons  under  many  disadavantages  and  the 
possibilty  of  securing  sound  mason-w^ork  at  night  would  appear  to  be  largely 
a  question  of  organization  and  plant.  Methods  of  illumination  have  greatly 
improved  in  recent  years,  and,  if  need  be,  a  larger  factor  of  safety  could  be 
provided,**  by  thickening  the  structure. 

*See  Trans.  Am.  Soc.C.E.,  Jan.,  iqoo.  C.  S.  Gowenon  Croton  Dam.  Work  begun  Oct., 
1892.     Foundation  of  Dam  begun  May  28,  1896.     Completion  expected  in  1902. 

•*  A  possible  method  of  guarding  against  penetration  of  water  that  is  so  radically  novel  that 
I  hesitate  to  suggest  it»  is  that  of  insuring  the  imperviousness  of  the  dam  to  infiltration  pressures, 
by  providing  a  quarter-inch  continuous  sheet  of  lead,  placed  vertically,  say  in  a  plane  some  10 
feet  back  from  the  top  of  upstream  edge,  and  with  the  mason-work  on  the  two  sides  firmly 
bonded  by  bars  of  railroad  iron  passing  through  the  lead. 

From  the  studies  of  a  very  distinguished  engineer,  who  has  recentlv  inspected  many  masonry 
dams  with  a  view  to  this  transmission  of  hydrostatic  pressure  by  infiltration,  I  am  led  to  think 
that  this  or  some  other  device  for  insuring  the  freedom  of  the  interiors  of  the  masonry  from 
hydrostatic  pressure  when  frost  seals  the  exposed  surface  is  worth  serious  investigation. 
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All  of  these  details  are  matters  of  the  future.  To  make  the  estimate  a 
safe  one,  I  have  based  it  upon  a  curved  or  arched  form  for  the  dam  (for 
which  form  I  confess  a  partiality),  and  in  order  to  get  an  outside  figure, 
because  the  larger  volume  of  masonry  costs  some  $600,000  more  than  for  a 
straight  dam  of  the  form  now  building  on  the  Croton,  and,  as  will  be  seen 
by  the  section  of  Figure  No.  80,  I  have  allowed  for  a  very  much  greater 
thickness  of  masonry  in  the  upper  portion,  for  the  purpose  of  making  the 
estimate  a  safe  one,  however  cautious  the  ultimate  designer  may  be  in  pro- 
viding against  ice  thrust. 

Elevation  of  Delivery  of  Water, 

The  elevation  of  the  crest  of  the  spillway  is  fixed  by  the  storage  volume 
required  to  fully  develop  the  flow  of  the  two  streams  at  about  450  feet  above 
the  sea.  By  making  it  5  feet  or  10  feet  higher  the  increase  of  cost  would  be 
relatively  small  and  the  safe  yield  of  the  stream  could  be  forced  up  to  800  or 
850  million  gallons  per  day  instead  of  750.  Particularly  if  filtration  becomes 
the  rule  by  the  time  this  large  flow  is  needed.  Nature,  in  forming  the  topog- 
raphy of  the  basin,  has  fixed  the  height  of  the  flow  line  at  a  level  of  420  to 
450  feet  above  sea,  and  having  the  water  stored  at  this  level,  it  is  but  natural 
and  reasonable  to  avail  ourselves  of  this  elevation  in  providing  New  York 
City  with  a  water  supply  at  greater  pressure  than  it  has  heretofore  enjoyed. 
If  this  pressure  is  to  be  wasted,  it  may  as  well  be  wasted,  until  wanted,  near 
New  York  City,  as  to  waste  in  running  down  unnecessary  declivities  on  the 
way  to  New  York. 

The  high  pressure  pumps  of  the  city  are  already  seriously  overloaded 
and  the  expense  for  maintaining  them  is  very  large  and  appropriations  of 
nearly  $400,000  for  additional  high-service  pumps  and  appurtenances  are 
now  being  urged.  The  consumption  of  high-pressure  water  is  growing  very 
rapidly  and  it  would  appear  unwise  not  to  so  plan  new  works  that  this  Housa- 
tonic  water  or  other  water  from  the  north  can  be  delivered  at  the  terminal 
reservoir  at  300  feet  above  sea  level. 

The  high  service  can  be  taken  from  this.  One  or  two  special  48-inch 
mains  for  a  high  pressure  fire  supply  within  the  business  district  could  also 
be  taken  from  this  reservoir,  and  ultimately  I  believe  it  would  be  found 
advisable,  as  new  mains  were  laid  and  new  service  pipes  put  in,  to  plan  them  so 
that  they  would  be  safe  against  a  pressure  of  100  pounds  to  the  square  inch 
throughout  all  the  lower  parts  of  Manhattan. 

It  appears  to  mc  that  the  tendency  of  the  times  is  steadily  toward  a  water 
pressure  of  from  80  to  100  pounds  to  the  square  inch  wheievcr  this  can  be 
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obtained  at  moderate  expense.  The  City  of  Syracuse  is  an  interesting 
example,  and  its  recent  experience  does  mucli  to  disprove  the  statements  that 
have  often  been  made,  based  on  theory  and  not  on  practice,  about  the  greatl)/ 
increased  waste  which  comes  with  a  high  pressure  supply  and  about  the 
necessity  of  renewing  all  of  a  city's  mains  and  service  pipes  whenever  the 
pressure  is  so  increased.  In  Syracuse  the  pressure  was  increased  50  pounds 
or  from  45  to  95  pounds  per  square  inch ;  no  noteworthy  increase  in  draft  is 
said  to  have  followed,  very  few  changes  were  found  to  be  required  in  the 
street  mains  and  very  little  difficulty  with  the  house  plumbing.  The  engineer 
under  whom  these  great  improvements  in  the  Syracuse  water  supply  were 
carried  out,  is  now  the  Chief  Engineer  of  the  Croton  Aqueduct  Commis- 
sion. 

The  two  cities  in  the  United  States  where  waste  of  water  is  the  least  (because 
of  meters)  are  cities  having  very  large  areas  in  which  the  pressure  is  from  80  to 
120  pounds  per  square  inch. 

There  is  much  experience  to  sustain  the  view  that  there  is  less  waste 
under  the  high  pressure  because  of  the  escape  being  more  quickly  noticed 
and  more  noisy  and  so  more  promptly  remedied.  The  aid  to  fire  protection 
from  this  high  pressure  and,  ultimately,  the  saving  in  cost  to  the  city  in  insur- 
ance rates,  which  must  always  ultimately  be  adjusted  in  fair  ratio  to  the  loss, 
would  be  very  large;  and  the  saving  in  maintenance  and  extension  of  fire 
department  service  would  also  be  large. 

The  automatic  sprinkler  is  the  most  effective  and  most  economical  method 
of  fire  proofing  known  and  is  the  only  possible  method  that  can  be  applied  to 
large  department  stores,  factories  having  inflammable  contents  and  large 
areas  and  the  like.  The  efficiency  of  a  sprinkler  system  is  at  its  best 
only  when  fed  by  a  high-pressure,  continuous,  gravity  supply.  Some  years 
ago  two  of  the  most  prominent  underwriters  in  Boston,  one  of  them  the  late 
John  C.  Page,  expressed  to  me  their  belief  that  if  Boston  could  have  a  pressure 
of  100  pounds  to  the  square  inch  on  every  hydrant,  this  would  ultimately 
mean  a  saving  of  upwards  of  $100,000  per  year  in  insurance  premiums  apart 
from  any  question  of  sprinklers  and  the  like.  Of  course,  such  statements  are 
of  necessity  mere  matters  of  opinion,  and  other  very  able  underwriters  may 
hold  different  opinions,  but  from  having  had  occasion  to  study  fire  protection 
carefully  for  twelve  years  past,  I  have  come  to  have  a  high  appreciation  of  the 
value  of  a  high  pressure  gravity  supply  and  would  most  strongly  urge  that 
this  natural  elevation  of  the  Ten  Mile  and  Housatonic  sources — if  these  are 
secured — be  availed  of  for  a  high-pressure  supply  in  the  city  instead  of  being 
used  up  in  unnecessarily  high  declivity  in  the  conduit  lines. 
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Estimated  Yield  of  Upper  Housatonic  River  with  Dam  One  Mile 

Below  Merwinsville  (including  the  Ten  Mile  River). 
Total  area  of  watershed  (by  planimeter  from  maps 

U.  S.  Geological  Survey — scale  1/62500) 1,020  square  miles. 

Area  of  water  surface  in  proposed  reservoir  with  flow 

line  at  elevation  455  feet  above  sea 33  square  miles. 

(This  is  5  feet  greater  elevation  than  proposed  for 

the  Ten  Mile  River  Dam.) 
Probable  additional  evaporating  surface  in  drainage 

area   outside  of  reservoir  limits,  consisting  of 

ponds,  streams,  and  one-half  the  area  of  swamps.  10  square  miles. 

Average  area  of  reservoir  as  drawn  under  conditions 

of  full  use  (about  equivalent  to  area  at  elevation 

448),  about 30  square  miles. 

Total  average  extent  of  water  surfaces  in  watershed 

with  reservoir  at  probable  average  levels  required 

in  maximum  use 40  square  miles. 

Net  land  surface  in  watershed,  from  map 980  square  miles. 

Per  cent,  of  water  surface  in  entire  watershed  to  land 

surface 4.1  per  cent. 

Storage  volume  between  elevation  455  and  elevation 

425  (volume  computed  from  contours  on  U.  S. 

Geological  maps  in  part  readjusted  to  our  levels.)         180  billion  gallons. 
Storage  volume  per  square  mile  of  net  land  surface 

between  elevation  455  and  elevation  425 184  million  gallons. 

Probably  detailed  surveys  will  show  it  feasible  to  draw  this  reservoir 

down  to  elevation  420  in  extreme  drought,  thus  increasing  the 

available  storage  5  feet  in  depth  over  20  square  miles,  making 

20  billion  gallons  increase  of  storage.   The  storage  can  be  largely 

increased  by  building  the  dam  5  feet  higher,  making  total  avail- 
able storage  upward  of. 200  billion  gallons. 

By    Diagram    No.    48    of   yield  of   watersheds,   as  derived  from 

Croton  data,  a  watershed  with  4  per  cent,  water  surface  and  200 

million  gallons  of  storage  per  square  mile  of  gross  area  may  be 

relied  on  for  a  safe  yield  in  the  most  severe  low  rainfall  cycle 

yet  known  on  the  Croton  of  865,000  gallons  per  square  mile  of 

gross  watershed  per  day.     865,000  X  i|020 882  million  gallons 

safe  yield  per  day. 
Housatonic  safe  yield  on  basis  of  Croton  Records. 
(The   Croton   Watershed  in  1902,  without   flash  boards,  will  have 

193  million  gallons  of  storage  per  square  mile,  which  is,  in  part, 

less  advantageously  locatecf  than  this  Ten  Mile  and  Housatonic 

Reservoir,  being  near  heads  of  tributaries. 
The  yield  of  275  million  gallons  adopted  for  the  Croton  is  763,000 

gallons  per  square  mile  of  gross  area  per  day,  and  800,000  gal- 
lons per  square  mile  of  net  land  per  day.     The  per  cent,  of 

water  surface  is  the  same  on  Croton  and  Housatonic.     Therefore, 

call  the  yield  from  the  Housatonic  the  same.)    800,000  X  980  = 

Housatonic  safe  yiold  on  basis  of  275  Mil.  Gal.  from         ^^^      ....  ,. 

Croton 784'  million  gallons 

safe  yield  per  day. 
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Greatest  length  of  time  that  reservoir  level  would  have  ever  been 
continuously  below  level  of  spillway  in  past  32  years  with  this 

rate  of  uniform  draft  according  to  Croton  records 3  years. 

(May  15,  1870,  to  February  I,  1873.) 

Maximum  uniform  rate  of  draft  per  square  mile  possible  with 
184,000,000  gallons  storage  per  square  mile  and  water  surface 
of  4. 1  per  cent,  of  whole  watershed  exposed  to  evaporation — 
according  to  Sudbury  records  for  past  26  years,  which,  per 
Boston  rainfall  records,  includes  longest  severe  drought  of  the 
past  half  century,  but  with  no  one  year  so  dry  as  the  rainfall 
records  indicate  for  1826.    See  Diagram  No.  49 750,000  gallons. 

Housatonic  safe  yield   on    basis   Sudbury    Records, 

750,000  X  980  » 735  million  gallons 

safe  yield  per  day. 

Greatest  length  of  time  that  reservoir  level  would  have  been  continu- 
ously below  spillway  in  past  25  years  at  this  rate  of  draft,  per 
Sudbury  records  (March,  1880,  to  February,  1883,  or  possibly 
from  January,  1879,  to  December,  1883) 3  to  5  years. 

Rate  of  uniform  draft  per  square  mile  of  net  land  sur- 
face adopted  by  J.  R.  Freeman  as  to  be  relied 
upon  under  the  most  severe  drought  yet  recorded 
and  as  best  adapted  to  utilize  resources  of  this 
reservoir  without  impairment  from  weeds  grow- 
ing on  margins,  etc.,  and  by  flowing  reservoir  to 
elevation  455  and  drawing  to  425  only 765,000  gallons. 

It  appears  safe  from  Croton  rainfall  records  to  assume  that  rain- 
fall and  yield  on  these  southern  slopes  of  the  Berkshire  and  Housa- 
tonic Mountains  is  larger  and  evaporation  from  swamps  less  than  on 
the  Sudbury. 

Safe  yield  as  adopted  by  J.  R.  Freeman  in  million 
gallons  per  24-hour  day  from  this  watershed  of 
1,020  square  miles,  of  which  980  square  miles  is 
land  and  40  square  miles  water,  corresponding  to 
above  figure  of  765,000  gallons  per  day  per  square 
mile  net  land,  with  184  million  gallons  storage  per 
square  mile 750  million  gallons. 

As  shown  on  previous  page,  Croton  records  indicate  a  safe  yield  of 
fully  800  million  gallons.  To  be  conservative  in  absence  of  long 
gaugings  and  rain  gauges  for  this  particular  watershed,  I  call 
It 750  million  gallons. 

This  can  probably  be  increased  50  million  gallons,  or  to  800 
million  eallons  per  day,  either  by  building  the  dam  3  feet  higher  or 
by  drawing  pond  5  feet  lower,  say  once  in  25  years ;  indeed  the 
Croton  data  as  per  previous  page  show  that  with  flow  line  at  455  this 
watershed  would  have  yielded  882  million  gallons  in  the  most  severe 
drought  known  since  the  Croton  records  began. 

Probable  average  length  of  period  in  which  water 
level  in  Housatonic  Reservoir  would  be  5  feet 
or  more  down,  when  full  flow  of  750  million 
gallons  per  day  is  drawn  (based  on  Croton 
records),  about 8  months. 
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Probable  Cost  of  Supply  of  750  (or  800)  Million  Gallons  per  Day 
FROM  Combined  Upper  Housatonic  and  Ten  Mile  Rivers,  with 
Dam  About  One  Mile  Below  Merwinsville,  Conn. 

Cost  of  Dam. 

Dimensions  for  this  estimate  are  based  upon  stadia  surveys  made  under 
supervision  of  J.  R.  Freeman,  October  and  November,  1899.  Levels  were 
checked  from  bench  marks  of  Berkshire  Division  of  N.  Y.,  N.  H.  &  H. 
R.  R.,  across  country  to  bench  marks  of  the  New  York  Department  of  Water 
Supply.  We  find  excellent  outcrops  of  sound  granite  ledge  over  the  greater 
part  of  dam  site,  which  leave  little  doubt  as  to  limit  of  extra  excavation  below 
the  natural  surface.  No  borings  were  made,  but  the  geological  conditions 
for  continuous  clean,  hard  granite,  without  seams,  over  entire  site,  appears 
exceeding  favorable.    Sec  Report  of  Geologist,  Appendix  No.  16,  page  586. 

Quarries  of  excellent  building  granite  can  be  opened  in  hills  above  both 
ends  of  dam.  One  short  stretch  of  cableway  can  lift  granite  out  of  quarry 
and  place  it  on  the  dam.  The  railroad  is  within  the  limits  of  dam  location, 
making  it  possible  to  deliver  cement  and  other  materials  directly  on  the 
ground. 

The  quantities  used  in  the  estimate  below  are  for  the  curved  dam,  in 
order  to  get  a  safe  outside  figure,  because  of  this  form  requiring  more 
masonry  than  the  straight  dam. 

Curved  Housatonic  Dam — Preliminary  Estimate  from  Careful  Reconnaissance. 

Cleaning  off  dam  site — 

Probable  earth  excavation,  60,000  cubic  yards,  at  50  cents. .        $30,000 

Rock         "  70,000  cubic  yards,  at  $2 140,000 

Probable  cost  flume  and  temporary  dams 500,000 

Similar  work  for  New  Croton  Dam  cost  about  $350,000,  but  much  of  this 
work  becomes  available  in  the  permanent  structure,  the  cost  of  which  is,  however, 
figured  in  full  without  this  deduction. 

Facing  masonry — range  granite  for  both  faces  above  earth  fill, 

also  for  all  faces  of  abutments — 50,000  cubic  yards,  at  $15. .        750,000 

(Contract  price  on  New  Croton,  $13.50.) 

Rubble  masonry,  quarried  about  1,000  feet  distant, 

870,000  cubic  yards,  at  $4 3,480,000 

Contract  price  on  New  Croton  Dam,  with  quarry  two  miles  distant,  $4.05  per 
cubic  yard. 
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Dimension  cut  stone  for  2  lines   heavy   coping,   2   heavy   belt 

courses,  gate-chambers  and  sluiceways, 

7,000  cubic  yards,  at  $25 $175,000 

Massive  dry  rock  fill,  with  earth  top  slope,  as  per  Fig.  79,  on 

downstream  side,  partly  from  quarry-waste  and  talus, 

400,000  cubic  yards,  at  $1.25 500,000 

(Not  strictly  necessary  to  any  such  extent.) 

Earth  fill  on  upstream  side,  as  per  plan, 

200,000  cubic  yards,  at  50  cents 100,000 

(In  part  would  be  made  from  preliminary  excavation  and  coffer  dam.) 

Two  gate-houses,  gates  and  apparatus,  say 75,ooo 

Probable  total  cost  of  curved  dam  and  abutments $5,750,000 

Average — 

■. ^^5.750,000 ^^^     ^^  ^ 

870,000  +  7,000  +  50,000  =  927,000  cu.  yds. 

Titicus  Dam,  the  largest  yet  completed  in  Croton  Watershed,  cost  complete, 

per  cubic  yard 1^4-47 

Cornell,  at  contract  prices  for  dimensions  of  original  estimate,  would  have 

cost,  per  cubic  yard 6. 76 

— but  this  included  very  much  more  preliminary  excavation  and  a  quarry  about  2 

miles  distant. 

A  straight  dam  at  same  location  of  same  height  and  same  cross-section  contains 

about  100,000  cubic  yards  less  masonry  than  the  curved  section  and   therefore 

probably  would  cost  about  $620,000  less  than  above. 

Excavation  for  2  spillway  channels,  as  per  plan,  rectangular 
section,  smooth,  rapid  slope,  roughness  leveled  up  with  concrete, 
walled  on  river  side. 

Rock  excavation,  about  65,000  cubic  yards,  at  $1.54 100,000 

Spillway,  cut  stone  crests,  800  cubic  yards,  at  $25 20,000 

Spillway  wing  dams  and  wasteway  walls,  rubble  in  cement,  say, 

15,000  cubic  yards,  at  $5 75y^^^^ 

Portland  cement  concrete  and  rubble  in  cement  for  smoothing  up 

waste-way  channels,  4,000  cubic  yards,  at  $6 24,000 

Probable  total  cost  of  dam  and  accessories  (not  includ- 
ing contingencies  and  supervision) $5,969,000 
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Table  No.  51. 
Land  Damages. 
Basis  of  estimate  same  as  per  statement  on  page  348. 

Cultivated  land,  |ioo  per  acre,  including  legal  ancl  other  expenses.  Buildings  extra 
Pasture  land,  $30  per  acre.  From  statements  of  actual  sales  these  prices  appear  to  be  fully  50 
per  cent,  above  maricet  value. 

Marginal  area  outside  flow  line,  250  feet  on  steep  hillsides,  500  feet  on  flat  slopes,  peninsula*; 
and  islands  included. 

See  Table  No.  50,  page  349,  for  Land  Damages  for  Ten  Mile  Basin  only. 


Town  of  Dover,  N.  Y.,  below  Webatuck  Dam — 

Land,  5.3  square  miles,  or  3,390  acres 

60  dwellings  and  other  buildings 

Town  of  Cornwall,  Conn. — 

Land,  I  .o  square  mile,  or  640  acres 

61  dwellings  and  other  buildings 

Town  of  Sharon,  Conn. — 

Land,  0.8  square  mile,  or  510  acres 

19  dwellings  and  other  buildings 

Town  of  Kent,  Conn. — 

Land,  1 1.8  square  miles,  or  7,550  acres 

225  dwellings  and  other  buildings 

Town  of  New  Milford,  Conn. — 

Land,  5.4  square  miles,  or  3*460  acres 

97  dwellings  and  other  buildings 

Town  of  Sherman,  Conn. — 

Land,  5.0  square  miles,  or  3,200  acres 

28  dwellings  and  other  buildings 

Total  for  18,750  acres  of  land  and  490  dwellings  ) 

added  below  Webatuck  Dam j" 

Acli/  for  15,300  acres  of  land  and  513  dwellings  previously  ( 
estimated  above  Webatuck  Dam j" 

Total  tor  34,050  acres  of  land  and  1,003  dwellings. . . 

Grand  total  for  value  of  land  and  buildings  above  ) 
Ilousatonic  Dam,  including  the  Ten  Mile  and  :- 
Housatonic  basins \ 


LAND. 


1303,000 


55.000 


42,000 


536,000 


292,000 


BUILDINGS. 


$98,000 


100,000 


35.OOO 


432,000 


200,000 


212,000 

62,000 

$1,440,000 
1,216,000 

$927,000 

1,091,000 

$2,656,000 

$2,018,000 
2,656,000 

$4,674,000 
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The  above  includes  marginal  areas  proposed  to  be  taken  for  preservation 
of  purity  of  water  around  entire  circumference  of  the  great  reservoir.  These 
were  estimated  as  including  all  lands  out  to  250  feet  outside  the  flow  line  on 
steep  or  wooded  slopes,  and  all  to  500  feet  outside  the  flow  line  on  slight 
slopes  and  cultivated  land,  and  all  islands  and  peninsulas  projecting  into 
reservoir  were  assumed  to  be  taken  and  their  area  is  included  above. 

No  factories  or  mills  on  the  main  river  (Housatonic)  will  be  flowed  out 
by  the  proposed  dam,  and  only  two  mills  on  any  of  the  branch  streams ;  one 
of  these  is  a  small  saw  and  grist  mill  on  a  branch  of  Womenscheunk  Brook, 
the  other  a  small  cider-mill  on  Womenscheunk  Brook. 

The  three  improved  water-powers  at  New  Milford,  Gaylordsville  and 
Birmingham  would  be  seriously  affected  as  shown  in  Appendix  No.  8, 
also  the  five  projected  water-power  sites  not  yet  improved,  and  the  three 
abandoned  w-ater-pow^er  sites  at  ^ent  Furnace,  Swift  Bridge  and  Cornwall 
Bridge  would  have  the  water  that  flows  past  them  much  lessened  in  volume. 

The  real  injury  to  all  these  water-powers  and  possible  mill  sites  com- 
bined would  probably  not  exceed  $500,000,  but  to  cover  possible  aw^ards, 
legal  expenses,  expenses  of  experts,  etc.,  etc.,  I  have  put  into  the  estimate 
for  possible  damages  if  act  is  so  drawn  as  to  assume  immediate  and  com- 
plete diversion $2,000,000 

Water-power  taken  under  eminent  domain  or  purchased  under  public  necessity  appears  to 
commonly  bring  a  much  higher  price  than  its  fair  market  value  for  purposes  of  use  as  snown  by 
bona  ficU  sales  of  similar  property  or  previous  sales  of  the  same  property.  This  possibility  of 
excessive  appraisal  must  be  provided  for  in  our  estimate. 

The  difference  between  the  real  value  of  a  water-power  and  its  theoretic  value  as  found  by  the 
common  method  of  capitalizing  the  annual  cost  of  providing  an  equivalent  amount  of  steam- 
power,  comes  from  certain  defects  and  inconveniences  of  a  variable  water-power  on  a  small 
stream  which,  although  clearly  recognized  by  the  manufacturer  and  the  purchaser  intending  use, 
cannot  be  clearly  set  forth  in  figures,  while  on  the  other  hand  the  problem  presented  by  ingenious 
counsel  of  so  many  horse-power  to  be  replaced  by  steam  at  so  much  per  day,  appears  straight- 
forward and  simple.  This  does  not  tell  the  whole  story  and  with  the  proper  sympathy  for  the 
party  whose  property  is  forcibly  taken  he  commonly  gets  the  benefits  of  all  doubts. 

I  have  therefore  in  these  estimates  been  guided  more  by  certain  settlements  for  actual  large 
diversions  of  water-power  taken  away  for  public  purposes  than  by  my  opinions  of  the  fair  market 
value  to  an  intending  purchaser. 

As  already  stated,  it  is  entirely  practicable  and  inexpensive  to  regulate 
the  outflow  of  water  stored  in  the  spring  floods  in  this  enormous  reservoir, 
all  of  which  will  not  be  needed  for  New  York  for  many  years  in  the  future, 
by  letting  a  part  of  this  out  in  the  dry  summer  weather. 

With  this  policy  followed,  the  zcatcr-pozvcr  at  all  mill  sites  on  the  Honsa- 
tonie  belotv  Merwinsznllc  zcill  not  be  injured  in  the  slightest  degree  for  fully 
fifteen  years  to  come,  and  instead  of  an  injury,  each  mill  site  would  receive  for 
this  time  (until  191 5)  great  benefit  in  the  lessening  of  spring  floods  and  the 
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assurance  that  in  severe  droughts  a  much  larger  volume  would  flow  than 
under  present  conditions.  The  chartered  rights  should,  however,  be  care- 
fully made  complete  and  secure  before  any  work  is  begun  or  the  city  definitely 
committed  to  large  expenditure  in  this  direction,  so  that  ultimately,  perhaps 
fifteen  years  hence,  or  perhaps  not  until  thirty  years  hence,  Greater  New 
York  can,  if  it  needs,  divert  the  entire  flow  in  a  dry  year. 

To  the  above  $2,000,000  for  all  mill  site  and  water-power  damages,  add 
for  possible  damages  to  various  established  industries,  marble  quarry  and 
marble  finishing  plant,  also  for  contingencies  on  land  values,  a  sum  which, 
although  I  have  made  it  up  as  a  sum  of  various  items,  is  little  better  than  a 
guess,  since  much  depends  on  the  promptness  and  tact  with  which  these 
matters  are  negotiated  and  adjusted,  with  consequent  saving  of  litigation — 
say $500,000 

The  above  lands,  dwellings  and  water  tights  are  for  a  supply  of  750  to 
800  million  gallons  per  day.  To  illustrate  that  the  above  takings  of  lands 
and  houses  are  not  in  excessive  proportion  to  what  has  been  done  elsewhere, 
we  make  the  following  comparison : 

On  the  Massachusetts  Metropolitan  Works  now  under  construction 

for  a  supply  oi 1 1 1  million  gallons 

per  day. 

The  total  land  taken  is  estimated  at ^^  '^3  acres. 

This  includes  of  margins  and  islands 968  acres. 

The  number  of  dwellings  and  buildings  to  be  removed  is  about. . . .  360. 

A  large  proportion  of  these  lands  and  dwellings  have  been 
already  purchased  bv  the  Metropolitan  Water  Board  through 
friendly  agreement  with  owners,  without  recourse  to  litigation,  at 
prices  averaging,  for  equal  conditions,  probably  less  than  herein 
assumed. 

The  Metropolitan  Reservoir  required  relocation  of  6.56  miles  of 
railway  and  overflowed  19.25  miles  of  highways,  requiring  new 
roads  built. 

The  Boston  Metropolitan  Works  are  for  the  additional  supply  of 
a  present  population  of  about  one  million  people.     The  Housatonic 
system  is  proposed  for  a  present  population  of  three  and  a   half 
millions. 
The  Massachusetts  Metropolitan  Works  require  removal  of  a  large 

cemetery  containing 4f500  interments. 

— or  50  per  cent,  more  than  the  total  above  the  Housatonic  Dam. 

The  total  area  of  reservoir  bottom  to  be  stripped  of  orj^anic  matter 
is  nearly  double  that  of  the  south  arm  of  the  Ten  Mile  Basin  herein 
proposed  to  be  stripped. 

Removal  of  cemeteries  above  Housatonic  Dam: 
Previously  estimated  above  Webatuck,  1,825  interments,  cost. . .        $80,000 
Additional,  above  Merwinsville,  1,045  interments,  cost,  say 45,000 

Probable  cost  of  suitable  grounds,  landscape  work,  reinterment 

and  removal  and  resetting  of  monuments $125,000 


In  order  to  obtain  a  safe  outside  figure  there  has  been  included  in  the  foregoing  one  large 
cemetery,  with  about  600  interments,  which  being  50  feet  above  flow  line,  need  not  be  disturbed. 
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Removal  of  bushes,  trees  and  stumps  from  entire  surface  to 
be  flowed. 

Previously   estimated   above   Webatuck    Dam,   860 

acres,  at  $70 $60,000 

Below  Webatuck  Dam,  2.5  square  miles,  1,600  acres, 

at  $70 1 12,000 


$172,000     $172,000 

(Eight  hundred   and    fifty    acres  grubbing   on   Massachusetts  Metropolitan 
Reservoir  was  recently  contracted  for  at  $70  per  acre.) 

Removal  of  organic  matter  from  sites  of  dwellings  and  farm 
yards,  less  value  of  old  material.     Removal  of  muck  and  mud 
from  the  few  natural  ponds  and  swamps  in  flowed  area,  or  cover- 
ing same  with  clean  gravel. 
Previously  estimated  for  about  500  dwellings  and  50 

acres  ponds  above  Webatuck  Dam $75,000 

For  additional  below  Webatuck  Dam,  500  dwellings 
and  perhaps  300  to  400  acres  ponds  and  swamps 
(including  covering  swamp  between  Hatch  and 

Leonard  Ponds  with  gravel) 425,000 

500,000 

Stripping  all  loam,  turf,  muck  and  vegetable  matter  from  south- 
east arm  of  reservoir  for  9.5  miles  in  length,  3,100  acres,  at 
v$700  per  acre 2,170,000 

(Recent  awards  of  contracts  for  stripping  about  2,000  acres  on  Massachusetts 
Metropolitan  Reservoir  average  $610  per  acre.) 

None  of  New  York^s  present  reservoirs  have  had  bottom  stripped  in  this  manner. 

Change  in  location  of  Berkshire  Division,  N.  Y., 
N.  H.  &  H.  R.  R.,  for  20.4  miles  from  New  Mil- 
ford  to  W.  Cornwall,  Conn.,  per  estimate  of 
Horace  Ropes,  C.  E.  (see  below  for  details) ....      $980,000 

Previously  estimated  for  Harlem  R.  R 1,000,000 

$1,980,000 
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Rough  Estimate  of  Cost  of  Relocation  of  a  Portion  of  the  Berkshire  Division 

of  N.  F.,  A^.  H.  &  H,  R.  R. 

Between  New  Milford  and  West  Cornwall 20.4  miles. 

Sidings 2.6      " 

Grading — 

20.4  miles  of  main  line $410,000 

2.6       "       "  sidings 26,000 

1,000   lineal   feet   tunnel — excavation,    $57,000; 

masonry,  $20,000 77,000 

Bridges  and  Ctdverts —  $5 1 3  »ooo 

3  iron  trestles,  300  ft.  x  50  ft.,  at  $17,000 $51,000 

1  "         "         500  ft.  x  30  ft 26,000 

2  lo-ft.  arch  culverts,  60  ft.  between  head  walls,  at 

$3,600 7,200 

3  6-ft.  arch  culverts,  60  ft.  between  headwalls,  at 

$2,200 6,600 

3  3  ft.  X  3  ft.  box  culverts,  45  ft.  between  head- 
walls,  at  $600 1,800 

40  2  ft.  X  2  ft.  box  culverts,  45  ft.  between  head- 
walls,  at  $400 16,000 

II  highway  bridges  for  separation  of  grades,  at 

$6,000   66,000 

Track —  174,600 

20.4  miles  main   track,   laid   and   ballasted,   at 

$7,800   $159,120 

2.6  miles  of  side  track,  at  $5,900 15,340 

Station  Buildings —  174,500 

3  combination  passenger  and  freight  depots 12,000 

Telegraph  Line — 

Rebuilding  20.4  miles,  at  $400 8,200 

Fencing — 

30  miles  of  single  fence,  at  $200 6,000 

Right-o  f'  Way — 

Additional  outside  of  basin,  156  acres,  at  $150 23400 

$911,700 
Add  10  per  cent,  for  engineering  and  contingencies 91,200 

Total  $1,002,900 

Less  value  of  old  rails,  etc 31,700 

Net  cost  about  $971,200,  or  say,  $980,000. 

980,000  :=  about  $48,500  per  mile. 

20.4 
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New  Highways, 

The  most  satisfactory  compensation  for  highways  flooded  would  prob- 
ably  be  rendered  by  building  an  equivalent  length  of  good  macadam  road  in 
each  town  on  such  lines  as  would  best  serve  the  public  convenience  rather 
than  by  merely  building  good  marginal  roads  about  the.  reservoir,  which 
would  be  out  of  the  line  of  regular  travel.  The  total  length  of  highways  and 
crossroads  flowed,  plus  the  length  on  islands  and  peninsulas,  made  useless,  is, 
in  New  York  42  miles,  in  Connecticut  48  miles,  perhaps  25  per  cent,  of  these 
are  unimportant  crossroads.  The  present  roads  are  of  an  average  class  that 
could  be  built  probably  at  a  cost  of  from  $2,000  to  $5,000  per  mile. 

A  study  of  the  road  maps  and  roads  in  vicinity-  of 
reservoir  indicates  that  in  addition  to  the  35  miles 
of  substitute  macadam  roads  estimated  for  the 
Ten  Mile  Reservoir  with  its  dam  above  Weba- 
tuck,  costing $700,000 

There  would  probably  be  required  for  the  Housatonic 
plan  about  3  miles  in  New  York  and  47  miles  in 
Connecticut.  Some  of  the  relatively  unimportant 
roads  could  properly  be  ordinary  gravel  roads, 
and  not  macadamized,  thus  reducing  the  average 

cost,  50  miles,  at  $20,000  per  mile 1,000,000 

$1,700,000^ 


An  equal  length  of  roads  better  than  the  present  roads  could 
probably  be  constructed  for  a  fifth  part  of  this  sum,  and  the  only 
reason  for  including  such  an  enormous  figure  in  the  estimate  is 
found  in  regarding  this  as  a  form  of  compensation  to  these  towns 
for  this  invasion  and  the  transformation  of  certain  of  their  valleys 
into  a  beautiful  lake. 

Our  estimate  should  be  large  enough  and  compensation  to 
the  towns  is  likely  to  be  required  in  one  form  or  another. 

On  the   Massachusetts   Metropolitan  Works  now  under  construction  for  iii 
million  gallons  per  day,  19.2  miles  of  highways  are  to  be  flooded. 

Bridges  at  Cornwall  and  near  North  Kent,  say $ioo,ooa 

Previously   estimated    for    bridges    near    Kurd's,    Wing  and 

Wassaic i75>ooo 


25 
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Channel  in  bottom  of  reservoir  from  Pawling  up  to  Wing  for  pur- 
pose of  drawing  reservoir  down  to  elevation  425,  a  portion  of 
material  excavated 'being  deposited  for  a  broad  marginal 
lawn  between  Pawling  Cemetery  and  Reservoir,  as  pre- 
viously estimated $200,000 

Outlet  Dam  and  Sluiceways  at  Pawling. 

Dam  of  jearth,  with  heavy  masonry  core  wall  to  ledge,  greatest 
height  above  natural  surface,  40  feet;  total  length,  700  feet, 
as  previously  estimated 85,000 

Sluiceways    and    gates,    hoisting    apparatus,    gate-house  and 

keeper's  house  . . . '. 75,ooo 

Storm  water  channel  at  Pawling  and  diversion  of  two  brooks. . .  50,000 

Probable  cost  of  strip  of  wet,  unused  swamp  land  along  both 
sides  of  canal,  averaging  1,600  feet  wide  for  60,000  feet  in 
length,  or  11.5  miles,  2,200  acres,  as  previously  estimated. .  70,000 

Open  canal,  45  feet  bottom  width,  10  feet  ordinary  depth  of  water, 
side  slopes  3  to  i,  no  walls,  excavated  through  swamp  south 
from  Pawling  outlet  dam  to  head  of  East  Branch  Reser- 
voir— 1 1.5  miles — ^as  previously  estimated,  plus  allow- 
ance for  increase  in  width;  about  3,200,000  cubic  yards, 
excavation,  at  25  cents 800,000 

From  surface  indications,  excavation  soft  .sand  that  can  be 
taken  out  by  a  floating  dredge  for  one-half  of  the  above  figure; 
or,  indeed,  a  considerable  portion  in  length  could  be  omitted, 
except  for  desire  to  improve  quality  of  water  by  draining  swamp. 

Sewage  disposal  works  at  Pawling  and  Patterson — say 100,000 
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Summary  of  Estimates  of  Cost. 
Table  No.  52. 
Supply  of  150  Million  Gallons  per  24  Hours  from  Ten  Mile  River;  Also  for  a 
Supply  of  750  Million  Gallons  per  24  Hours  from  Ten  Mile  and  Housa- 
tonic Rivers, 

Each  delivered  into  East  Branch  (Sodom)  Reservoir  in  the  Croton 
Watershed  at  an  elevation  of  415  feet  above  sea  level. 

For  details  and  unit  prices,  see  previous  pages. 


Dam  and  waste  way  channels  complete 

Land,  dwellings,  and  other  buildings  on  reservoir  site 

Water  rights,  mills  and  mill  sites  and  injury  to  established  ) 
business  and  legal  expenses ) 

Removal  of  certain  cemeteries  to  new  locations 


Grubbing  and  removal  of  trees,  stumps  and  bushes 

Removal  of  mud  and  muck  from  ponds  and  cleanhig  up  \ 
sites  of  dwellings j" 

Stripping  bottom  of  southwest  arm  of  reservoir,  3,000  acres. 

Change  in  location  of  Harlem  and  Berkshire  railroads.. 

New  highways  (and  compensation  to  towns) 

Bridges 

Outlet  dam  at  Pawling,  with  gates  and  sluices . . '. 

Deep  channel  Pawling  to  Hurd's  and  above. . .   

Storm  water  channel  and  filter  dam  at  Pawling  and  divert-  ) 
ing  brooks  at  Pawling \ 

Sewage  disposal  works  for  Pawling  and  Patterson 


Deep  open  channel  for  draining  swamp  and  improving  ] 
East  Branch  Croton,  including  cost  of  2,200  acres  >• 
swamp  land  between  Pawling  and  Milltown ) 


For  Ten  Mile  only 

For  Ten  Mile  and  Upper  Housatonic. 


Add  15  per  cent,  for  contingencies  and  supervision 

Add  for  contingencies  on  real  estate  and  other  settlements. 

Estimated  total  co»t  of  water,  water  rights,  lands,  build- 1 
ings,  damages,  legal  expenses  and  cost  of  all  structures 
necessary  for  collection,  storage  and  delivery  of  entire 
safe  yield  of  water  into  the  present  East  Branch 
Reservoir  in  the  Croton  Watershed 


Ten  Mile  River. 


Z50  million  gallons. 


$1,605,000 

2,307,000 

900,000 

80,000 

60,000 

7S.OOO 
2,170,000 

1,000,000 

700,000 

175,000 

i35»«» 
200,000 

50,000 

100,000 

620,000 


$10,177,000 

1,526,000 
1,000,000 


$12,703,000 


Housatonic  and 
Ten  Mile  Rivers. 


750  millon  gallons. 


$5,965,000 

4,674,000 

2,500,000 

125,000 

172,000 

500,000 

2,170,000 

1,980,000 

1,700,000 

275,000 

160,000 

200,000 

50,000 

100,000 

870,000 


$21,441,000 

3,216,000 
2,000,000 


$26,657,000 
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Transportation  of  Ten  Mile  and  Housatonic  Water  to  New  York. 

Aqueduct  Capacity  Required. 

There  is  already  some  surplus  Croton  Aqueduct  capacity  which  could, 
if  needed,  be  used  temporarily  for  conveying  a  part  of  this  additional  water 
supply  coming  from  the  Ten  Mile  river,  but  this  surplus  aqueduct  capacity 
is  small. 

The  New  Aqueduct,  if  kept  clean,  will  convey 300  mil.  gals,  daily. 

The  Old  Aqueduct,  if  kept  clean,  will  convey 80  " 


IC 

II 


Total  Croton  Aqueduct  capacity 380 

The  safe  yield  of  the  Croton  Watershed,   permanently,  is 275 

Leaving  an  apparent  surplus  aqueduct  capacity  of 105 

Not  all  of  this  can  be  availed  of  at  all  times  ;  a  moderate  degree  of  foulness 

may  lessen  it  10  per  cent 38 

The  demand  for  water  averages  greater  in  February  and  September  by  from 

2  per  cent,  to  5  per  cent.,  or  say 17            " 


II 


II 


Leaving  as  the  real  surplus  of  aqueduct  capacity,  about 50 


i« 


In  planning  new  aqueducts  for  the  additional  supply  it  is  safer  to  dis- 
regard this  and,  indeed,  will  in  the  long  run  prove  cheapest  to  make  the  new 
aqueduct  large  enough  to  also  convey  the  50  million  gallons  of  water  that 
the  East  Branch  Division  of  the  Croton  Watershed  can  yield,  and  so  bring 
this  into  the  city  at  an  elevation  of  300  feet  above  sea  level,  instead  of  allow- 
ing this  extra  head  to  be  wasted,  as  now. 

Margin  for  Slime  and  Extra  Draft. 

In  the  new  aqueducts,  in  recognition  of  the  fact  that  any  future  aqueduct 
is  liable  to  suffer  the  same  impairment  of  carrying  capacity  now  found  in  the 
New  Croton  Aqueduct,  15  per  cent,  will  be  added  as  a  margin  of  safety  for 
delivery  in  case  the  aqueduct  walls  remain  unswept  for  a  long  period.  A 
further  allowance  of  10  per  cent,  will  be  added  to  provide  for  the  draft  in  Sep- 
tember and  February,  which  is  commonly  larger  than  the  mean  draft,  and 
also  as  a  means  for  promptly  refilling  a  reservoir  after  the  aqueduct  has  been 
shut  oflf  for  repairs. 

Therefore,  the  aqueduct  considered  for  the  Ten  Mile,  apart 
from  the  Upper  Housatonic,  will  be  designed  of  size 
proper  to  convey,  when  clean,  150  +  50  =  200  +  25  per 

cent  = 250  million 

gallons 
...  per  day. 
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and  the  aqueduct  for  the  Ten  Mile  and  Housatonic  combined, 

750  -f  50  =  800  +  25  per  cent.  = 1,000  million 

gallons 
per  day. 
Aqueduct  Possibly  Built  in  Two  histalmcnts. 

An  estimate  will  also  be  presented  for  an  aqueduct  of  just  half  the  last- 
mentioned  size,  or  appropriate  for  ultimately  providing  two  aqueducts, 
instead  of  one ;  although  from  such  study  as  I  have  found  time  to  give  this 
matter,  I  am  of  the  opinion  that  if  the  increase  in  use  and  waste  of  water  is  to 
continue  at  the  same  rate  as  in  the  past  it  would  prove  most  economical  and 
entirely  safe  to  construct  a  single  aqueduct  line  for  the  combined  Ten  Mile, 
Housatonic  and  East  Branch  water,  making  the  tunnels  and  all  masonry 
structures  full  size  from  the  start  and  deferring  only  the  steel  pipe  siphons 
and  similar  structures  that  can  be  as  cheaply  added  at  any  future  time.  If  it 
were  fairly  certain  that  thorough  and  efficient  waste  prevention  would  be 
maintained,  possibly  a  different  conclusion  would  be  reached.  The  carrying 
capacity  of  an  aqueduct  increases  very  much  faster  than  the  cost,  as  size  is 
increased.  This  will  be  seen  from  Diagram  No.  66  at  the  left-hand  end. 
The  best  and  cheapest  method  of  safeguard  against  interruption  of  flow  is  to  pro- 
tide  ample  storage  reservoirs  near  the  city,  like  Jerome  Parky  Central  Park,  Park 
Hill  and  the  enlarged  Rye  Pond  and  future  Kensico  and  perhaps  Pocantico, 

Possible  Lines  for  Aqueduct  from  Sodom  to  Rye, 

For  determining  approximately  the  best  and  cheapest  line  for  an  aque- 
duct from  the  East  Branch  Reservoir  to  New  York,  a  reconnaissance  was 
made  by  Mr.  Horace  Ropes,  who,  as  previously  stated,  had  had  much  pre- 
vious experience  in  the  construction  of  railroads,  tunnels  and  aqueducts  and 
in  field  reconnaissance.  Under  my  instructions,  he  explored  certain  lines 
with  two  very  different  characteristics;  namely, 

First— A  masonry  aqueduct  line  chiefly  in  **cut-and-cover,'*  following  the  surface  of  the 
ground  and  thus  capable  of  being  quickly  reached  and  repaired  in  case  of  any  great  disaster. 
With  a  steel  pipe  line  or  a  cut-and-cover  aqueduct,  an  accident  that  could  shut  on  the  supply  for 
more  than  a  week,  before  the  break  or  stoppage  could  be  repaired  with  the  large  number  of  work- 
men  that  could  quickly  be  brought  to  bear  upon  it,  is  almost  inconceivable.  From  this  point  of 
view,  the  aqueauct  has  an  advantage  in  safety  over  the  deep  tunnel,  in  addition  to  its  great 
advantage  in  smaller  cost  per  mile.  In  modem  masonry  aqueducts,  like  the  Sudbury  or  the 
Wachusett,  such  care  is  jriven  to  the  foundation,  and  so  ample  a  factor  of  safety  used  in  the 
masonry,  that  the  safety,  solidity  and  permanence  are  fully  comparable  with  that  of  a  deep  tunnel. 

Second — A  location  was  sought  chiefly  in  deep  tunnel  with  good  cover,  and  with  shafts  of 
reasonable  depth. 

Third — A  line  from  East  Branch  (Sodom)  Reservoir  to  Rye  Pond  was  also  explored,  about 
half  in  cut-and-cover,  and  half  in  tunnel,  in  the  hope  of  finding  the  cheapest  combination  of 
which  the  ground  would  admit.  Time  and  means  did  not  admit  of  instrumental  surveys,  so  the 
possible  routes  were  first  studied  in  the  ofRce  upon  the  admirable  topographical  maps  of  the 
United  States  Geological  Survey  and  then  explored  in  the  field  by  Mr.  Ropes,  with  the  aid  of 
pocket  level  and  aneroid  barometer,  making  such  departure  from  the  lines  first  laid  down  as  the 
characteristics  of  the  ground  required. 
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Rye  Pond  Reservoir. 

A  brief  study  was  also  made  by  Mr.  Ropes,  under  instructions  to  inves- 
tigate the  feasibility  of  raising  the  level  of  Kensico  Reservoir  to  about  345 
feet  above  sea  level  and  thus  obtain  a  large  equalizing  reservoir  intermediate 
between  the  beginning  and  the  end  of  the  aqueduct;  or  in  case  this  should 
prove  too  formidable,  to  seek  to  raise  the  level  of  Rye  Pond  only,  by  a  dam 
between  that  and  Kensico.  The  latter  course  appeared  the  better  and  is  fol- 
lowed in  the  estimates;  it  is  much  cheaper  and  wOl  serve  for  many  years,  while 
Kensico  can  be  raised  at  some  time  in  the  distant  future  if  additional  storage 
is  needed  half  way  to  New  York. 

Brief  reconnaissance  was  also  made  of  a  possible  alternative  site  for  a 
great  equalizing  reservoir  in  the  Pocantico  Valley,  between  Merritt's  Comers 
and  a  point  \\  miles  below  Whitson,  considering  this  as  a  substitute  for  Rye 
or  the  enlarged  Kensico.  This  was  found  to  be  apparently  feasible,  but 
although  of  large  capacity  does  not  appear  so  attractive  as  the  plan  of  raising 
Rye  Pond  by  a  dam  between  Rye  and  Kensico.  It  merits  full  survey  in  the 
final  studies. 

Characteristics  of  the  Ground  Between  Sodom  and  Rye,  for  Aqueduct  Building, 

The  district  trarersed  was  generally  a  very  rough  country,  consisting  of  a  sacccssion  of  promi- 
nent hills  and  ridges  with  seldom  more  than  rayine-like  valleys  between.  The  hills  were  scantily 
covered  with  soil,  except  on  the  northerly  and  westerly  slopes,  where  drift  deposits  were  common, 
osnally  on  the  lower  portions  of  the  slopes.  Near  the  summits  and  on  the  other  slopes  frequent 
ledge  outcrops  left  no  doabt  as  to  the  general  presence  of  ledge  at  shallow  depths. 

Back  from  the  railroad,  this  region  is  still  a  farming  district.  Not  more  than  three  or  four 
places  were  «een  which  exhibited  the  pretensions  of  "a  gentlemim's  estate." 

The  tillable  lands  do  not  look  very  fertile,  much  of  the  cleared  land  is  simply  pasture,  and 
a  large  proportion  of  ihe  hillsides  and  .summits  are  woodland.  These  back  farms  were  said  to  be 
worth  from  I40  to  %6o  per  acre. 

Along  the  valley  of  the  Croton  river  and  of  that  branch  of  Cross  river  which  heads  near 
Chappaqna,  the  land  in  the  bottoms  and  on  the  lower  slopes  is  better,  but  higher  up  where  the 
west  line  is  located,  it  is  generally  of  an  inferior  character.  These  farms  also  seem  to  be  almost 
wholly  in  the  hands  of  actual  farmers. 

At  the  Towns  of  Katonah,  Mt.  Kisco,  Chappaqua  and  Pleasantville  there  are  signs  of  growth 
and  improvements  which  betoken  the  arrival  of  **city  people,"  with  a  consequent  stiffening  in 
values  for  farm  lands  and  boom  prices  for  town  lots. 

The  westerly  line  explored  \ox  the  Aqueduct  will  cross  some  town  property  and  through  or 
very  near  some  dwellings  in  Mt  Kisco,  Chappaqua  and  Pleasantville.  Right-of-way  at  these 
places  will  be  found  probably  the  most  expensive  ot  any  along  the  line,  yet  not  sufficiently  so  to 
have  any  material  effect  in  the  total  cost. 

Geologically,  the  prevailing  formation  of  the  district  seemed  to  be 
granite,  much  of  it  apparently  of  a  gneissoid  or  schistose  character;  true 
schists  were  noted  at  some  places,  and  other  varieties  of  rock  showed  in 
limited  areas.  The  outcrops  of  ledges  showed  variations  from  hard  and 
massive,  to  very  seamy  and  broken  and  sometimes   "  rotten  " ;   the  greater 


Supply  from  the  Upper  Housatonic.  383 

part,  however,  was  found  to  be  firm  rock,  apparently  well  adapted  for  eco- 
nomical tunneling. 

On  the  profiles  mentioned  above  special  note  v^  as  made  of  the  character- 
istics of  the  work  required  on  different  sections.  A  part  of  these  profiles 
are  reproduced  in  outline  and  on  a  small  scale  in  Figures  86  to  90  for  the 
purpose  of  making  the  relation  of  the  several  types  of  conduit  more  clear. 

East  Line — Sodom  to  Rye^ 

The  cut-and-cover  portions  of  the  East  Line  closely  follow  some  of  the  smaller  valleys,  with 
the  result  that,  say  one-half  of  the  (grading  will  be  fairly  easy.  At  the  head  of  the  valley  the 
tendency  will  be  for  the  line  to  run  into  continuous  deep  cutting  of  considerable  length,  and  at 
the  lower  end  of  the  valley,  to  be  above  the  bottoms  and  huggmg  the  hill  slopes.  On  these 
slopes,  and  also  in  the  deeper  cuttings  in  the  bottom  of  the  valley,  a  large  part  of  the  excavation 
may  be  ledge.  Through  these  valleys  an  abundance  of  sand  and  some  (gravel  is  to  be  had  for 
masonry.  No  ledges  were  observed  which  gave  promise  of  stone  for  fine  masonry,  though  it  is 
not  unlikely  some  may  be  found  near  the  line. 

The  tunnels  will  all  be  in  rock.  For  more  than  one-half  their  length  the  indications  are  that 
this  rock  will  be  firm  and  durable,  but  the  rock  in  some  localities  showed  evidence  of  being  much 
shaken  and  blocky,  tending  to  make  the  work  difficult  and  dangerous.  Considerable  water  may 
also  be  expected  at  these  places.  It  is  believed,  however,  that,  like  the  Wachusett  Tunnel,  not 
more  than  one-half  the  length  of  these  tunnels  will  require  arching,  and  that  amount  has  beeu 
allowed  for  in  the  following  estimates  of  cost. 

West  Line — Sodom  to  Rye, 

The  location  of  the  West  Line  is  such  as  to  take  it  across  some  of  the  main  drainage  of  the 
country  at  such  a  high  level  as  to  preclude  the  possibility  of  embankments  or  bridges,  and  pipe 
siphons  afe  indicated  lor  those  places.  At  two  or  three  of  the  smaller  dips  (40'-6o'  below  grade), 
embankments  or  bridges  may  be  deemed  best. 

The  cut-and-cover  portion  of  the  line  closely  follows  the  trend  of  quite  steep  slopes,  being 
in  many  places  60  feet  or  more  above  the  bottom  of  same.  At  points  where  the  line  is  highest 
the  slopes  are  usually  rugged,  and  heavy  rock  excavation  will  be  encountered  ;  at  lower  levels  the 
slopes  are  more  regular,  and  some  benefit  will  be  derived  from  the  drift  deposits.  It  seems 
possible  that  a  large  share  (say  one-half)  of  the  line  can  be  located  so  that  the  grading  will  range 
Irom  light  to  moderately  heavy  work. 

The  tunnels  are  all  so  short  that  no  shafts  will  be  needed.  They  will  be  through  ledge,  and 
only  one-half  of  their  length  is  estimated  as  lined  with  masonry. 

Even  though  the  first  aqueduct  were  designed  to  carry  only  a  fraction 
of  the  supply,  it  might  be  better  to  make  all  the  tunnels  of  full  size  at  the  start. 

The  branch  Une  to  the  suggested  alternative  Pocantico  Reservoir, 
shown  on  the  map,  was  not  examined  on  the  ground  because  of  pressure  of 
other  parts  of  the  work.  From  general  knowledge  of  the  country,  however^ 
Mr.  Ropes  predicts  it  will  be  quite  rough,  with  much  rock  work. 

Siphons. 

These  are  designed  to  be  of  steel  pipe,  following  the  specifications  of 
page  321.  The  number  of  lines  of  pipe  in  each  and  their  diameters  are 
given  in  the  tabular  estimate.  It  is  obvious  that  the  laying  of  more  than  the 
first  string  of  pipe  at  each  of  these  siphons  can  be  deferred,  and  thus  effect 
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some  saving.      The  cost  of  the  future  siphons  has,  therefore,  been  dis- 
counted to  present  value  at  3  per  cent,  interest. 

Special  Structures, 

All  the  usual  accessories  of  such  an  aqueduct,  as  minor  culverts,  blow- 
offs,  man-holes,  etc.,  will  have  to  be  provided  in  about  the  usual  quantity. 
Of  those  which  may  be  termed  special  structures,  there  will  be  on  the  East 
Line,  a  gate-house  at  East  Branch  Reservoir,  masonry  bridges  at  Titicus 
and  Cross  rivers,  and  a  terminal  structure  at  Kensico  Reservoir. 

On  the  West  Line,  in  addition  to  the  gate-house  and  the  terminal  struc- 
ture at  the  reservoirs,  there  will  be  masonry  bridges  for  the  pipe  line  across 
the  Titicus,  Cross  and  Stone  Hill  rivers,  and  large  culverts  over  one  stream 
on  mile  10,  and  two  streams  on  mile  19.  Eight  siphon  chambers  will  be 
required. 

On  miles  3  and  9  of  the  West  Line,  the  aqueduct  crosses  valleys  which 
are  60  feet  below  aqueduct  grade,  and  perhaps  a  little  less  than  1,000  feet 
wide  at  the  grade  line.  Without  much  doubt  the  cheapest  plan  would  be  to 
use  pipe  siphons  at  these  places,  but  since  the  stretches  are  short,  and  it  is 
desirable  not  to  break  the  continuity  of  the  masonry  aqueduct  oftener  than  is 
necessary,  these  places  are  treated  as  high  embankments. 

Three  plans  were,  however,  briefly  considered  for  the  crossing  on  mile  3, 
West  Line,  namely : 

1st.  An  embankment  with  a  12-foot  arch  culvert  for  the  brook,  and  two  20- 
foot  arches  for  the  highways. 
2d.  A  pipe  siphon,  with  two  siphon  chambers  and  a  12-foot  culvert  for  the 

brook. 
3d.  A  masonry  bridge  650  feet  to  700  feet  long,  somewhat  as  suggested  on 
profile. 

Rough  computations  indicate  the  comparative  cost  to  be  for  embank- 
ment about  $114,000  for  either  the  small  or  the  large  aqueduct;  for  siphon, 
•$75,000  for  the  small,  and  $118,000  for  the  larger  capacity;  and  for  the 
bridge,  probably  not  less  than  $200,000  for  the  small  aqueduct. 

Right-of-JVay. 

Right-of-way  is  assumed  to  average  50  feet  wide  over  the  tunnels,  100 
feet  wide  for  the  smaller  aqueduct  in  trench,  and  150  feet  wide  for  the  larger. 
This  has  been  estimated  to  cost  the  uniform  price  of  $200  per  acre,  with  the 
following  additions  for  special  cases.    Where  tunnels  are  built,  there  is  strong 
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probability  of  draining  wells  and  springs  near  the  line,  and  an  allowance  of 
$1,500  per  mile  has  been  made  for  this  item. 

Also,  additional  ground  must  be  acquired  for  waste  banks  at  the  portals 
and  shafts,  say  3  acres  at  each  point.  The  extra  damages  at  Salem  Centre 
and  Cross  River  Village  have  been  estimated  at  $5,000  each.  At  Mount 
Kisco,  Chappaqua,  and  Pleasantville,  at  $20,000  each. 

Surveys  by  New  York  Department  of  Water  Supply. 

Mr.  Ropes  further  reports  : 

**  While  eofng  over  the  line  and  near  the  end  of  my  reconnaissance,  I  learned  that  Mr.  G. 
W.  Birdsall,  Chief  Engineer,  is  investigating  the  problem  of  drawing  175  million  gallons  from  the 
Ten  Mile  river,  and  has  for  some  time  had  several  parties  in  the  field  making  surveys. 

**  I  learned  fix>m  a  very  reliable  source  that  a  survey  had  been  made  for  a  combination 
tunnel  and  cut-and-cover  aqueduct  on  about  the  same  location  as  my  east  line,  but  there  seemed 
to  be  an  inclination  to  reject  this  for  a  line  which  should  be  wholly  in  tunnel.  The  surveys  for 
this  Utter  were  in  progress  at  that  lime. 

"  Surveys  bad  also  been  completed  of  the  Kensico  and  Rye  Pond  Reservoirs  to  determine 
the  possibility  and  cost  of  raising  the  water  level  to  elevation  355.  This  work  included  plans  and 
estimates  for  a  large  dam  at  the  outlet  of  Kensico  Reservoir,  and  a  smaller  one  just  above  Kensico 
Village.  A  pipe  line  had  been  surveyed  from  Kensico  Reservoir  to  as  far  south,  I  think,  as  the 
Harlem  river,  also  an  alternate  line  which  should  be  mainly  or  wholly  in  tunnel.  In  this  case, 
also,  a  preference  was  expressed  for  the  tunnel  construction.^^ 
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Aqueduct  from  Rye  Pond  to  Park  Hill. 

A  further  brief  study  was  made  of  various  possible  lines  between  Rye 
Pond  and  the  proposed  high-pressure  terminal  reservoir  at  Park  Hill  near 
the  city  limits;  comparative  estimates  being  made  for  a  steel  pipe,  a  deep 
tunnel,  and  for  a  line  containing  the  largest  possible  proportion  of  cut-and- 
cover  masonry  aqueduct.  For  these  studies,  profiles  were  made  up  from  the 
geological  survey  maps  and  the  aneroid  corrections.  In  all  important  aneroid 
work  a  recording  stationary  barometer  was  used  for  determining  the  atmos- 
pheric correction  from  hour  to  hour.  The  time  for  field  work  was  necessarily 
brief,  but  is  believed  that  the  field  work  was  sufficient  to  demonstrate  the 
feasibility  of  each  line  and  to  serve  in  a  rough  and  ready  way  for  an  estimate 
of  its  cost.  Accurate  traverse  sui-veys,  with  levels  and  contours,  borings  and 
test-pits,  would,  of  course,  be  needed  before  the  superiority  of  one  of  these 
lines  over  the  other  could  be  demonstrated,  but  the  natural  tendency  of  more 
complete  surveys  would  be  toward  finding  a  cheaper  line,  and  with  these 
three  different  lines  explored  and  agreeing  fairly  well  in  cost,  the  estimate 
that  is  presented  cannot  be  far  from  correct.  It  will  be  noted  that  the  slopes 
and  elevations  of  the  several  portions  of  the  aqueduct  were  so  carefully  fixed 
as  to  make  available  nearly  the  whole  of  the  storage  capacity  of  the  several 
storage  reservoirs  and  to  permit  a  wide  range  of  heights,  while  securing  sub- 
stantially full  delivery  of  the  aqueducts. 

Three  different  forms  of  conduit  for  this  line  were  investigated  and  each 
found  to  be  practicable ;  each  has  certain  advantages. 

First — A  line  having  the  largest  possible  proportion  of  cut-and-cover 
masonry  aqueduct.  This  has  the  advantage  in  point  of  cheapness 
and  is  also  favorable  for  prompt  repair.  Good  supporting  ground 
for  cut-and-cover  aqueduct,  on  the  hydraulic  grade,  is  found  for 
more  than  half  the  entire  distance. 

Second — ^A  line  in  deep  tunnel,  similar  to  the  New  Croton  Aqueduct. 
This  has  the  advantage  in  directness  and  possibly  some  advantage 
in  operation  under  a  head  for  permitting  the  reservoir  to  be  drawn 
low. 

Third — Steel  pipe  conduits.  These  have  the  advantage  of  permitting  a 
part  of  the  cost  to  be  deferred,  since  one  line  of  pipe  only  need  be 
put  in  at  the  beginning,  and  the  other  lines  added  successively  as 
the  consumption  increases. 
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Profiles  and  maps  based  on  the  topographical  sheets  of  the  U.  S.  Geolog- 
ical Survey,  scale  about  one  mile  per  inch,  were  prepared  in  the  office  from 
the  best  data  available  and  taken  into  the  field  for  adjustment  to  the  character 
of  the  ground  along  the  several  lines.  A  careful  preliminary  study  was  made 
of  the  operation  of  the  conduits  and  reservoirs  with  the  reservoir  levels  at 
different  heights,  in  the  effort  to  so  arrange  the  grades  that  it  should  be  pos- 
sible to  maintain  full  delivery  of  the  aqueduct  while  the  reservoirs  at  either 
end  were  nearly  full  or  nearly  empty ;  thereby  making  the  greatest  possible 
amount  of  the  storage  volume  available.  It  was  found  possible  to  accom- 
plish this  in  a  large  degree  with  each  of  the  three  lines  of  aqueduct  above 
mentioned,  although  it  was,  of  course,  found  easier  with  the  steel  pipe  and 
the  tunnel  under  pressure,  than  with  the  line  partly  in  cut-and-cover. 

Estimates  of  the  cost  by  each  of  these  different  lines  will  be  found  in 
the  following  tables. 
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Terminal  Reservoir  at  Park  Hill. 

A  large  terminal  reservoir  for  equalizing  the  hourly  variations  in  rate  of 
consumption  and  permitting  the  aqueduct  to  deliver  at  a  uniform  rate,  and 
which  shall  furthermore  at  all  times  hold  a  reserve  sufficient  for  about  two 
days'  supply  during  interruption  of  aqueduct  flow  is  a  necessity  with  any  sys- 
tem of  long  distance  high-pressure  supply.  This  Park  Hill  Reservoir  will 
serve  equally  well  for  the  Housatonic,  Wallkill,  Esopus,  Hudson  Filtration, 
or  Adirondack  source,  and  no  other  equally  advantageous  ground  is  found. 

Ground  at  a  suitable  elevation  and  of  comparatively  large  area  is  found 
about  one-half  mile  north  of  the  city  limits,  suitable  for  a  terminal  reservoir 
adapted  to  store  water  ready  for  distribution  at  an  elevation  of  300  feet  above 
sea  level  and  of  a  capacity  nearly  as  large  as  that  of  the  reservoir  now  under 
construction  at  Jerome  Park.  The  area  of  ground  at  suitable  height  would 
permit  a  total  area  of  water  surface  nearly  double  that  in  the  large  Central 
Park  Reservoir  and  the  total  contents  can  obviously  be  varied  according  to 
the  depth  of  excavation.  This  land  now  lies  vacant  and  is  mostly  covered  by 
woods  and  bushes,  although  a  few  streets  have  been  platted  across  a  portion 
of  it.  A  topographical  survey  by  stadia,  with  contour  elevations  based  upon 
an  adjacent  bench-mark  of  the  Croton  Aqueduct  Commission,  was  made  by 
Messrs.  Ropes  and  Taber  and  the  principal  lines  are  reproduced  in  Figure  91 
The  method  proposed  provisionally  as  a  basis  of  estimate  for  the  construction 
of  this  reservoir,  is  given  in  Figures  Nos.  91  and  92. 

No  test-pits  were  sunk,  but  it  is  believed  that  the  assumptions  made  as 
to  depth  of  ledge  below  surface  are  on  the  safe  side,  and  the  character  of  the 
construction  with  its  enormous  masonry  walls,  while  of  a  proper  type  for  this 
location,  is  much  more  expensive  than  a  type  that  could  be  readily  devised. 

In  this  provisional  design  it  is  proposed  to  at  first  develop  only  the  north- 
erly of  the  two  basins,  thus  obtaining  a  basin  of  790  million  gallons  capacity 
and  84  acres  water  surface.  This  capacity  is  about  80  per  cent,  of  the  capac- 
ity of  the  large  basin  in  Central  Park  and,  at  the  present  rate  of  consump- 
tion, would  supply  the  whole  of  Manhattan  and  The  Bronx  for  about  three 
days,  thus  permitting  the  aqueduct  line  between  Rye  and  Park  Hill  to  be 
emptied  for  one  or  two  days  for  purposes  of  cleaning,  once  each  six  months. 
The  estimated  cost  of  conduits  includes  a  by-pass  arrangement,  permitting 
the  city  to  be  supplied  direct  from  the  aqueduct  without  the  water  passing 
through  this  basin. 

It  will  be  noted  from  Figure  92  that  in  this  provisional  design  the  margin 
of  the  reservoir  site  has  been  used  for  a  spoil-bank,  thus  permitting  the  con- 
struction of  a  very  sightly  pleasure  drive  about  the  reservoir  and  at  the  same 
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time  affording  an  embankment  so  massive  and  of  such  a  water-resisting 
character  as  to  remove  any  possible  apprehensions  of  disaster  by  the  burst- 
ing of  the  reservoir  bank  and  the  escape  of  a  torrent;  the  entire  outer  em- 
bankment being  in  fact  a  porous  rock  fill  dam — the  safest  type  known  for 
resistance  to  sudden  rupture.  It  will  be  noted  that  as  a  safeguard  against 
leakage  due  to  temperature  cracks  in  the  masonry  the  provisional  design  and 
estimate  of  cost  provide  for  a  very  perfect  earth  fill,  rolled  in  thin  layers  out- 
side of  the  masonry. 

Possible  Filters  at  Park  Hill. 

A  project  for  utilizing  this  Park  Hill  site  for  both  storage  and  filtration 
was  in  part  outlined,  but  time  was  not  available  for  working  it  up  properly 
for  presentation.  This  suggestion  of  planning  for  the  future  installation  of 
filters  at  some  point  along  the  conduit  lines,  is  in  line  with  the  statement 
made  elsewhere  in  this  report,  that  the  tendency  of  the  times  is  plainly  toward 
a  higher  standard  of  purity  for  public  water  supplies  and  that  the  cost  of  filtra- 
tion is  easily  within  the  means  of  the  New  York  Department  of  Water  Supply 
without  an  expense  that  would  be  burdensome  to  the  consumers,  particularly  if 
good  progress  in  waste  prevention  is  made  during  the  next  10  or  20  years. 
It  is  not  yet  certain  where  the  most  favorable  location  for  a  filtration  plant 
would  be  found,  and  the  necessity  for  storing  water  from  the  Housatonic,  or 
any  of  the  other  possible  sources,  in  covered  distributing  reservoirs  perhaps 
awaits  further  investigation  before  it  can  be  considered  as  settled.  If  it 
proves,  as  appears  probable,  that  covered  terminal  reservoirs  will  be  a  neces- 
sity with  filtered  water,  then  there  are  possibilities  of  ecortomy  in  locating  the 
filters  as  near  to  the  equalizing  reservoir  at  the  terminus  as  is  practicable. 

It  is  possible  that  certain  of  the  basins  forming  a  filter  plant,  if  located  at  this  point,  could  be 
utilized  for  the  four  purposes  of  emergency  storage,  storage  for  equalizing  night  and  day  draft, 
for  filter  basins  and  filtered  water  reservoir  ;  the  **raw  "  water  being  drawn  upon  in  case  of  great 
emergency. 

It  is  therefore  recommended  that  in  any  design  for  a  reservoir  at  this 
point,. the  possibility  of  filtration  being  demanded  twenty  years  hence  and 
the  comparative  cost  of  locating  a  part  of  the  filter  beds  here  at  Park  Hill, 
without  any  pumping  whatever,  should  be  considered.  The  total  area  at  this 
hill-top  now  at  suitable  elevation,  together  with  the  added  area  that  could  be 
gained  by  proper  distribution  of  the  material  excavated  in  forming  the  reser- 
voirs, would  aggregate  more  than  200  acres. 

The  unit  prices  for  the  larger  items  in  the  following  estimates  of  cost  of 
proposed  Park  Hill  Reservoir  are  substantially  the  same  as  those  under 
which  the  work  of  Jerome  Park  Reservoir  is  being  performed.  The  cost  for 
acquiring  this  land,  as  entered,  is  an  assumption,  but  one  which  appears  more 
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generous  when  one  inspects  the  site.  No  reliable  figures  from  actual  sales 
in  large  quantity  were  learned,  and  if  the  land  is  taken  by  eminent  domain,  it 
is  hard  to  say  what  the  city  might  have  to  pay. 

Table  No.  59. 

Cosl  of  Park  Hill  Reservoir — Rough  Preliminary  Estimate. 


Area  of  water  surface. 

Capacity 

Shore  line 

Division  wall 


Item. 


Earth  excavation 

Rock  excavation 

Rock  excavation  in  trench 

Soil  dressing  and  sodding 

Earth  embankment,  hauled,  spread  ) 
and  rolled \ 

Reservoir  wall,  33  feet  high 

Division  wall  of  less  height 

Portland  concrete  lining 

Gate-houses 

Marginal  avenues,  with  foot  walks,  ( 
curbing,  gutters,  etc \ 

Viaduct  over  Vonkers  avenue 


Cast  and  wrought  iron  railing 

Underground  drainage  system  for  i 
roadways  and  embankments.,  f 

Acres  of  land,  buildings,  etc. — 

North  (assumed) 

South  fassiuned} 


Add  15  per  cent,  for  contingencies) 
and  supervision ) 


Total. 


Unit 
Price. 


|o  as 

90 

5  00 
40 

15 
78  00 

48  00 

6  00 

10  90 
4  00 


3,000  00 
1,700  00 


North  Benin. 
84  acres. 
790,000,000  gallons. 
6,300  feet. 
1,700  feet. 


Quantity. 


728,000  cu.  yd». 

1,088,000      " 

13,900      " 

185.000      *• 

495,oco      *' 

7,430  hn.  ft. 

570 
67,800  cu.  yds. 

2 
10,300  lin.  ft. 

i8,xoo  lin.ft. 


[ 


143  acres. 


Amount. 

$182,000 

980,000 

70,000 

74.000 

74,000 

580,000 

27,000 

407,000 

200,000 

io5,oco 

XX  8,000 

73,000 

39,oco 

386,000 


$3,314,000 
482,000 


$3,696,000 


South  Basin. 
80  acres. 
730,000,000  gallons. 
7,400  feet. 
1,300  feet. 


Quantity. 

Amount. 

600,000  cu.  yds. 

946,000      " 

x6,3oo      " 

217,020      " 

524,000      " 

8,270  lin.ft. 

430      " 

64,500  cu.  yds. 

(2  enlarged,       1 
(z  additional,     f 

8,900  lin.  ft. 

$x5o,ooo 

851,000 

82,000 

87,000 

79,oco 

645,000 

2X,000 
387,000 
150,000 

91,000 

18,500  lin.  ft. 

74,coo 

46,000 

252,000 

148  acres. 

$2,9x5,000 
•  437.000 

$3,353,000 

Park  Hill  Reservoir — Summary  oj  Cost. 

Cost  of  Construction. 

North  Basin $3,696,000       

South  Basin 3i352,ooo    If  deferred  20  years. 


Present  Value. 
. .  $3,696,000 
.  .     1,856,000 


Total $5,542,000 


Both  basins — 

Area  of  water  surface,  164  acres. 

Capacity,  i,520,ooo,ocx)   gallons.      Can  be  increased    by  blasting  deeper  or  building 
higher  walls  or  taking  slightly  larger  area. 
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Water-Power  Damages. 

Injury  to  Water-Powers  ofi  the  Housatonic  River  that  Would  be  Caused  by  the 

Diversion  of  Ten  Mile  River, 

The  diversion  of  the  Ten  Mile  river,  without  taking  any  part  of  the 
Housatonic,  will  destroy  three  small  water-powers  at  Amenia,  Dover  Plains 
and  South  Dover,  in  all  aggregating  about  150  horse-power  at  ordinary 
summer  flow.  Along  the  lower  Housatonic  river  in  Connecticut,  the  diver- 
sion of  the  Ten  Mile  will  take  away  from  12  to  18  per  cent,  of  the  drainage 
area  now  supplying  Derby,  Lanesville  and  New  Milford,  at  which  points  are 
the  only  mill  sites  now  developed  along  the  stream;  the  effect  being  to  take 
away  about  one-sixth  to  one-eighth  part  of  the  entire  water-power  (a  part  of 
which  is  not  yet  in  use),  at  ordinary  summer  flow.  This  diversion  will  also 
take  away  about  15  per  cent,  from  the  value  of  the  opportunity  to  build  dams 
and  develop  power  at  five  other  proposed  dam  sites  on  the  lower  Housatonic. 

Whether  we  follow  the  former  Brooklyn  plan  for  developing  the  Ten 
Mile  river  supply  in  three  independent  basins,  or  follow  the  plan  herein  pro- 
posed for  a  single  large  dam  on  the  Ten  Mile  river  near  Webatuck,  the  dam- 
age caused  to  water-powers  all  along  the  Ten  Mile  and  Housatonic  rivers 
will  be  substantially  the  same.  Precisely  the  same  mill  sites  both  developed 
and  undeveloped  would  be  affected,  the  only  difference  being  that  with  the 
Brooklyn  Dam  location  about  10  per  cent,  less  drainage  area,  and  conse- 
quently, about  10  per  cent,  less  water,  would  be  taken  away  than  by  a  dam 
near  Webatuck;  while  with  the  Ten  Mile  River  Dam  located  at  the  State 
line,  about  1 1  per  cent,  more  drainage  area  and  about  1 1  per  cent,  more 
water-power  would  be  diverted  than  for  the  Webatuck  Dam  site. 

The  three  small  mills  within  the  Ten  Mile  Valley  would  have  their  water- 
powers  destroyed  just  about  as  effectively  by  a  dam  at  one  site  as  at  the 
other. 

Abandoned  Water  Privileges  on  tlie  Ten  Mile  River. 

In  early  days  when  iron  brought  higher  prices,  and  when  the  forests 
afforded  cheap  charcoal,  since  ore  was  abundant  in  this  region,  water-power 
for  blowing  the  small  iron  furnaces  was  in  great  demand,  and  many  small 
powers  were  developed  in  a  crude  way  which  to-day  it  would  not  pay  to 
maintain.  We  note  the  following  locations  where  water-power  has  been 
developed  and  abandoned.  So  far  as  could  be  learned  there  are  no  others 
that  would  be  affected  in  any  way  by  the  proposed  diversion. 
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1st.  At  State  line  abandoned  about  twenty-five  years  ago. 

2d.  At  Webatuck.    Saw-mill  abandoned  about  eight  years  ago. 

3d.  Dover  Furnace  on  Swamp  river,  abandoned  about  forty  years  ago. 

4th.  At  Dover  Furnace  on  brook  leading  into  Swamp  river,  abandoned  about 

thirty  years  ago. 
5th.  At  Steel  Works  settlement  in  Town  of  Amenia,  last  used  by  a  grist-mill, 

abandoned  about  five  years  ago. 
6th.  At  Singpak,  in  the  Town  of  Amenia,  abandoned  thirty  years  ago. 

These  water-powers  were  all  small,  and  not  one  of  the  above  locations 
has  any  apparent  commercial  value  as  a  mill  site  to-day. 

Developed  Water-Powers. 

The  only  developed  water-powers  upon  the  Ten  Mile  river  are  at  the 
sites  named  below. 

All  that  appeared  to  possess  any  importance  were  visited  by  Morris 
Knowles,  C  E.,  who  collected  most  of  the  local  data  upon  which  I  have 
based  the  following  preliminary  estimates: 

1st.  A  small  country  grist-mill  at  South  Dover,  using  under  favorable  condi- 
tions probably  about  75  to  100  horse-power  under  9  feet  g^oss  aver- 
age fall.  Water  supplied  from  200  square  miles  of  watershed  with- 
out storage.  Apparently  no  opportunity  to  increase  the  present  fall 
materially;  mill  pond  holds  perhaps  at  most  1,500,000  cubic  feet 
storage  by  drawing  i  foot.  Day  increase  from  night  storage  possibly 
20  to  40  cubic  feet  per  second.  This  is  an  ordinary  country  grist- 
mill, which  grinds  com  for  the  neighboring  farmers.  It  has  4  tur- 
bines— probably  2  are  of  the  scroll  pattern.  In  dry  weather  there  is 
only  water  sufficient  for  2  turbines. 

2d.  A  grist-mill  and  cider-mill  and  an  electric  light  plant  at  Dover  Plains, 
using  in  all  a  daily  average  of  about  50  horse-power,  under  8  feet 
gross  fall,  and  yielding  100  horse-power  at  most  for  a  few  hours 
when  furnishing  electric  lights.    Water  from  134  square  miles  of  ] 

watershed  without  storage.  Mill-pond  storage  probably  not  over 
800,000  cubic  feet  by  drawing  i  foot.  Day  increase  from  night  stor- 
age possibly  15  to  25  cubic  feet  second.  The  electric  lighting  plant  is 
said  to  be  owned  by  Adolph  Reimer,  of  Brooklyn,  N.  Y.  The  grist- 
mill by  A.  H.  Hoffman,  of  Dover  Plains.  The  electric  plant  has  a 
turbine  that  is  said  to  be  of  60  horse-power.    It  lights  the  village 
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streets  and  some  stores  and  dwellings,  begins  late  in  afternoon  and 
runs  until  late  in  evening,  when  there  is  water  enough.  There  is  no 
steam  auxiliary,  and  in  drought  of  October,  1899,  ^^  was  noted  that 
village  was  without  electric  lights  several  nights  each  week.  The 
grist-mill  has  little  occasion  to  run  in  the  dry  season. 

3d.  Small  grist-mill  at  South  Amenia,  using  probably  not  over  20  or  30  horse- 
power, under  8  feet  fall.  Water  from  80  square  miles  of  watershed. 
Mill  pond  storage  by  night  for  day  use  probably  small. 

The  only  developed  water-powers  on  the  Housatonic  below  the  con- 
fluence of  the  Ten  Mile  river,  and,  therefore,  affected  by  its  diversion,  are  the 
three  named  below: 

1st.  At  Derby  (Birmingham),  the  Ousatonic  Power  Company,  using  in  all 
not  far  from  2,000  horse-power  by  day,  and  perhaps  500  horse-power 
at  night. 

2d.  At  Lanesville,  the  Bridgeport  Wood  Finishing  Company,  2j  miles 
below  New  Milford,  Conn.,  grinding  silex  for  paint  and  "  wood- 
filling,"  using  at  present  in  all  not  far  from  250  horse-power. 

3d.  New  Milford  site,  the  small  electric-light  plant  of  Mr.  Levi  P.  Giddings, 
together  with  a  power  plant,  from  which  he  leases  power  to  pottery. 
The  whole  power  used  at  present  being  from  150  to  175  horse- 
power. 

Undeveloped  Dam  and  Power  Sites  of  Which  Development  Is  Now  Proposed, 

There  are  six  other  mill  sites  on  the  Housatonic  river  where  water 
diversion  damages  must  be  considered.  Five  of  these  mill  sites  are  below 
the  confluence  of  the  Ten  Mile  with  the  Housatonic  and  one  just  above  it. 
These  developments  are  proposed  by  two  new  companies,  both  chartered  in 
1893,  neither  of  which  as  yet  has  any  power  plant  or  manufacturing  plant. 
The  two  companies  have  diflFerent  managers,  but  appear  to  be  working  along 
the  same  general  lines.  Each  is  reported  to  have  been  for  two  or  three  years 
past  buying  up  such  small,  isolated  pieces  of  land  controlling  the  possible 
dam  sites,  as  could  be  had  at  a  moderate  price. 

There  are  no  other  water-power  sites  below  the  confluence  of  the  Ten 
Mile  with  the  Housatonic  that  have  ever  been  developed,  and  so  far  as  I  can 
learn,  no  others  which  it  is  proposed  to  develop. 
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Dam  Sites  Proposed  by  the  Housatonic  Power  Company. 

Three  locations :    ist.  Zoar;  2d.  Little  York;  3d.  Southville. 

This  Company  is  said  to  be  headed  by  Mr.  A.  M.  Young,  of  No.  100 
Broadway,  New  York,  a  gentleman  prominently  identified  with  electric 
lighting  plants  and  electric  traction  companies  in  various  cities  of  South- 
western Connecticut;  and  has  received  among  others  the  following  special 
privileges  from  the  Connecticut  Legislature: 

Acts  and  Resolves,  1893;  page  iii.  Housatonic  Power  Company  char- 
tered to  build  30-foot  dam  between  Jackson  Place  and  Ousatonic  Company's 
mill  pond  (Zoar  site).  Incorporators,  Thomas  Wallace,  Thomas  L.  Cornell, 
Robert  S.  Hunniman,  D.  S.  Brinsmade,  R.  F.  Gaylord,  Allen  W.  Paige. 

Acts,  1895;  page  247;  Charter  amended  to  permit  conveying  power  from 
Southville  in  Bridgewater  by  wire  to  New  Haven  County. 

Acts  1899,  page  23;  Charter  amended  to  allow  dam  of  reasonable  height 
at  Southville,  also  right  to  build  dam  at  Little  York,  below  Southville. 

Dam  Sites  Proposed  by  the  New  Milford  Power  Company. 

Three  locations:  ist.  New  Bridge;  2d.  Gaylordsville;  3d.  Bulls 
Bridge. 

This  Company  has  received  the  following  special  privileges  from  the 
Connecticut  Legislature: 

Conn.  Acts  and  Resolves,  1893;  page  288.  Charter  granted  to  incor- 
porators, Nicholas  Staub,  Frank  C.  Sumner,  Louis  F.  Heublin,  Joseph 
Hirth,  Allen  W.  Paige.  Right  to  build  dam  from  one  to  three  miles  below 
Lover's  Leap  Falls  in  New  Milford  to  height  within  5  feet  of  level  of  water- 
wheel  platform  of  Bridgeport  Wood  Finishing  Company. 

Acts  of  1895,  page  28.  Charter  amended,  giving  right  to  build  dam  at 
Gaylordsville  and  another  at  Bulls  Bridge  (Bulls  Bridge  is  half  a  mile  above 
the  outlet  of  the  Ten  Mile  river). 

Injury  to  the  Developed  Water-pozi^er   at   Birmingham   by   Diversion   of   the 

Entire  Ten  Mile  River. 

The  Ousatonic  Power  Company,  a  large  enterprise  supplying  various 
factories  at  Derby,  Conn.,  with  water  for  power,  would  lose  the  drainage  from 
200  square  miles  of  watershed  out  of  its  present  1,580  square  miles,  which  is 
about  one-eighth  part  of  the  whole,  and  therefore  about  one-eighth  part  of  its 
entire  power  would  be  taken  away.    This  Company  states  that  it  has  not  yet 
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sold  or  leased  its  entire  power,  so  perhaps  the  diversion  would  not  seriously 
affect  the  permanent  power  rights  of  its  present  lessees. 

The  U.  S.  Census  Report  of  1880  on  Water  Power,  Volume  i,  page  31 1, 
gives  a  very  full  description  of  this  plant,  and  quotes  the  rates  of  rental 
received  for  power.  This  Census  Report  estimates  the  watershed  at  1,562 
square  miles,  and  the  head  or  fall  of  water,  which  varies  some  3  or  4  feet 
with  rise  and  fall  of  tide,  is  stated  to  average  22  feet. 

By  planimeter  from  the  later  maps  of  the  U.  S.  Geological  Survey  we 
find  the  drainage  area  to  be  1,580  square  miles.  The  Census  Report  states 
that  careful  measurement  of  flow  of  river  had  been  made  up  to  1880,  and  pre- 
sumably have  been  continued  ever  since  in  the  form  of  daily  heights  of  water. 
Page  308  of  Census  Report  states  that  during  the  development  of  the  power 
(1864-1870  ?)  measurements  were  made  which  indicated  that  500  cubic  feet 
per  second  could  be  relied  upon  for  the  24  hour  flow  in  time  of  drought. 
This  quantity  was  still  relied  upon  in  1882,  and  Mr.  Brinsmade,  Chief  Engin- 
eer of  the  Company,  tells  us  in  December,  1899,  that  the  past  season  has 
been  as  severe  as  any,  and  confirms  the  early  estimate,  and  says  that  notwith- 
standing the  severity  of  the  drought,  they  have  not  had  to  cut  off  any  of 
their  permanent  power. 

The  total  cost  of  this  water-power  development  prior  to  the  construction 
of  new  canal  is  said  to  have  been  $430,000.  The  new  canal  and  other  improve- 
ments to  January  i,  1900,  do  not  appear  to  be  such  as  would  bring  the  total 
cost  up  to  date  above  $500,000. 

In  the  studies  of  Mr.  Horace  Loomis  in  1878  for  the  water  supply  of 
New  York  from  the  Housatonic,  the  flow  was  gauged  at  Kent  from  about 
755  square  miles  of  watershed.  The  methods  and  precision  of  measurement 
are  not  stated.  The  minimum  flow  noted  in  these  observations  extending 
from  June  to  October  was  260  cubic  feet  per  second  =  0.34  cubic  feet  per 
second  per  square  mile ;  the  average  flow  for  five  months  was  460  cubic  feet 
per  second  =  0.61  cubic  feet  per  second  per  square  mile.  The  above  mini- 
mum figure  of  Mr.  Brinsmade,  500  cubic  feet  per  second  from  1,580  square 
miles  gives  0.316  cubic  feet  per  second  per  square  mile. 

According  to  the  observed  flows  of  the  Croton  river  and  of  the  Con- 
necticut river,  this  summer  season  of  1878,  when  the  Loomis  gaugings  were 
made,  was  a  little  more  wet  than  the  average  summer,  as  appears  by  follow- 
ing  comparison: 
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Table  No.  6o. 

Comparison  of  Flow  in  Cubic  Feet  per  Second  per  Square  MUe  in  Period 

Containing  the  Loomis  Gaugings, 


Driest  month 

2d       "  

3d       ''  

4th     "  

5th     "  

Average 


Croton  1878, 
with  evaporat- 
ing conoicioDs 
as  in  190a. 


Average 

Croton 

3a  Years. 


.44 
1. 17 


.80 


26 
41 

55 
74 
93 


Connecticut 
1878. 


58 


.67 
.74 

•75 

.95 

1.30 


.88 


Average 

Connecticut 

13  Years. 


.64 
.68 

.74 
.86 

1.04 


.79 


From  the  Census  Report  we  further  learn  that  total  power  in  use  up  to 
1882  was  1,500  horse-power  by  day,  500  horse-power  by  night,  and 
that  during  extreme  droughts  these  amounts  could  not  then  be  fur- 
nished, but  it  was  believed  that  these  amounts  of  power  could  be  furnished 
in  future  by  means  of  more  flashboard  storage.  In  1899,  Mr.  Brinsmade 
informs  us  that  more  power  has  since  been  sold  and  that  more  is  now  for  sale, 
but  is  not  ready  to  state  exact  figures.  The  Census  Report  further  states, 
page  312,  that  price  received  for  this  water-power  is  as  follows,  taking  effi- 
ciency of  turbines  75  per  cent : 

"  Permanent  power  y^  $26.67  per  net  horse-power  per  year. 

'* First  surplus"  or  intermittent  power,  $16  per  net  horse-power  per 
year. 

"  Second  surplus  "  or  intermittent  power,  for  12  hours  a  day,  6  days 
per  week,  $10.67  P^^  net  horse-power  per  year. 


Probable  Flow  of  Housatonic  River  in  a  Year  of  Average  Rainfall, 

The  following  diagram  gives  the  flow  of  five  rivers  in  New  York  and 
New  England  which  have  been  accurately  gauged  for  a  term  of  years.  From 
these  records  we  can  deduce  the  flow  of  the  Housatonic  much  more  accu- 
rately than  from  the  brief  period  of  gaugings  of  Mr.  Loomis,  or  the  state- 
ments quoted  in  the  Census  Report. 


FLOW    OF    VARIOUS    STREAMS 

Fig..93         ^^   '^^    AVERAGE  YEAR. 

FOR    WATER    POWER    ESTIMATES. 
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We  are  informed  that  the  Ousatonic  Power  Company  has  daily  records 
of  heights  of  water  wasting  over  its  dam,  from  which,  in  connection  with  such 
records  as  may  exist  of  daily  power  drawn  by  lessees,  a  fairly  accurate  esti- 
mate of  the  annual  yield  could  probably  be  made.  We  are,  however,  informed 
that  these  observations  have  not  yet  been  worked  up.  In  the  following  com- 
putations the  line  adopted  for  the  Housatonic  flow  per  square  mile  in  the 
various  months  of  the  average  year  is  a  mean  between  the  revised  natural 
flow  of  the  Croton  river  and  the  flow  of  the  Connecticut. 


Table  No.  6i. 

EstimaU  of  Largest  Practicable  Power  Development  at  Birmingham^  Conn.,  and  of  Impair- 
ment by  Diversion  of  the  Ten  Mile  River  only,  in  a  Year  of  Average  Rainfall, 
Proportion  of  water  taken  away  by  diversion  of  entire  Ten  Mile,  one-eighth  of  whole. 


Month  in  Order  of  Dryness. 


(I) 


Dryest 

ad.... 
3d.... 
4tb.... 
Sth.... 
6ih.... 
7lh.... 
8th.... 
9tb. . . . 
zcth... 
ixth... 
lath... 


-•Sec 
ES".g 


C/3  Ml 


(2) 


•35 
•45 
.58 
•75 
•97 
Z.20 

x-45 

»'75 
a. 35 

2.7s 

3-45 

4-50 


•J 


•3 


.  6 

r>.c8 


Cu.  Fi.  Sec. 


(3) 


550 
710 

9»5 
1,185 

»,53o 
1.900 
2,300 


•*  S  e 

^•S  « 

XL       •* 

••     1^  wo 


■Ji 


•%  V  o  ti 


Cu.  Ft.  S. 


(4) 


370 
370 
3ao 
soo 
70 


>^ 

E  ^^ 
J'? 

•o      ^  (» 

Sv      o 
g  tTot/i 

PL* 


Cu.  Ft.  S. 


(5) 


920 

z,o8o 

1.835 
',385 
i,6oo 
X.900 
2,300 


ai  Feet 
Net  Average 

Fall— 
7S%  EflBc— 

Col.  5  X  1.785 

Horse  Power. 


(6) 


b  n  e  a 

9  4»  0  « 

-*  ^  t  *»•« 

bQ-iC 

»*-o  >^5 

-^<'5S 

S 

^<{,=  ia.653i 

ot  Col.  6 

Hor^e 

Power. 

(7) 

1,640 
1.930 

2,900 

a,470 

a,86o 

3.390 
4,110 


ao8 

944 
978 
31a 
36a 
400 
300 


Ave.  300 


Note  that  above  minimum  flow  in  dryest  month  of  average  year  is  lo  per  cent,  greater  than  the  minimum 
by  the  Brinsmade  and  the  Loomis  gaugings. 

Night  storage  assufned  equivalent  to  2  feet  depth  on  pond  of  8,000,000 
square  feet  area  =  16,000,000  cubic  feet  which,  if  all  drawn  in  12  hours,  would 
yield  370  cubic  feet  per  second  for  12  hours. 
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The  entire  average  flow  cannot  be  realized  from  use  of  water-power  with 
limited  storage,  because  in  sudden  heavy  rains  there  must  be  a  considerable 
volume  escape  over  dam  in  months  when  the  average  flow  is  below  the  total 
turbine  capacity. 

At  Birmingham  the  maximum  impairment  that  can  be  caused  by  the 
diversion  of  the  Ten  Mile  river  estimated  on  most  liberal  reasonable  basis  is 
300  horse-power  for  7  months  of  the  year. 

Under  similar  circumstances  the  Metropolitan  Water  Board,  because  of 
the  diversion  of  the  Nashua  river  for  Boston's  supply  in  1896,  paid  to  the 
Essex  Water  Power  Company  of  Lawrence,  Mass.,  for  the  diversion  of  1 18.23 
square  miles  of  watershed  having  very  much  better  storage  than  the  Housa- 
tonic  and  used  under  32  feet  fall  at  Lawrence,  the  sum  of  $87,000.  In  the 
same  proportion,  having  regard  to  the  watershed  area  of  the  Ten  Mile  and 
the  net  fall  at  Birmingham,  the  fair  award  to  the  Ousatonic  Power  Company 
would  be  $97,000  for  the  diversion  of  ^  part  of  their  watershed. 

At  Lanesville,  New  Milford,  Conn. 

The  Bridgeport  Wood  Finishing  Company  grinds  silex  (quartz)  to  make 
"  filling  "  for  use  in  hardwood  finishing,  paint,  soap,  etc. 

The  drainage  area  above  this  mill  site  is  1,198  square  miles,  and  there 
is  8^  feet  fall.  By  the  eye,  without  surveys,  it  appears  impracticable  to 
materially  increase  this  fall.  The  power  is  now  used  24  hours  a  day.  The 
circumstances  are  not  favorable  to  concentrating  this  water  all  for  day  use 
and  storing  the  night  flow,  because  the  pond  storage  is  limited  to  the  river 
above  the  dam  for  about  two  miles  in  length  by,  say,  150  feet  wide.  Any  con- 
siderable amount  of  storage  is  impracticable  without  drawing  down  the  pond 
so  much  in  the  afternoon  as  to  materially  lessen  the  fall. 

Mill  is  stated  to  be  now  using  250  horse-power.  Uses  no  steam.  Have 
two  66-inch  Rodney  Hunt  wheels,  of  a  model  probably  giving  125  horse- 
power each,  under  8^  feet  fall.  This  site  is  favorable  for  additional  tur- 
bines. This  privilege  if  fully  developed  to  same  relative  turbine  capacity  as 
that  assumed  for  the  Ousatonic  Power  Company  at  Derby,  and  if  it  had  the 
same  pond  capacity  for  night  storage,  should  give: 

1 108       8.5       .70  .  n.     .     i_ 

—  ^  X  ^  X  —  =27  per  cent,  of  power  at  Bimimerham. 

1580        22        .75  ^  ^  ° 

At  present  this  mill  privilege  is  not  fully  developed,  and  there  is  a  surplus 
of  water  beyond  requirements,  which  runs  to  waste.  Although  the  diversion 
of  the  Ten  Mile  would  not  shut  down  any  present  machinery,  it  would  impair 
the  opportunity  to  develop  the  power  so  fully  as  otherwise.  Since  this  mill 
runs  24  hours,  the  utmost  reasonable  development  would  be  up  to  the  flow 

27 


4o6. 


Appendix  No.  8. 


of  the  fourth  month,  or  to  570  net  horse-power  before  diversion  (see  table 
following). 

About  1,000  feet  downstream  from  this  Lanesvilie  mill  is  Lover's  Leap 
Fall,  of  perhaps  15  feot,  where  it  is  said  the  New  Milford  Power  Company, 
chartered  in  1893,  proposed  to  build  a  dam,  but  abandoned  the  project 
because  of  fear  of  back  water  injury  to  the  privilege  of  the  Bridgeport  Wood 
Finishing  Company. 

Estimate  of  Largest  Practicable  Development  of  Water-Power  at 

Lanesville,  Conn, 
site  owned  by  the  bridgeport  wood  finishing  company. 

Table  No.  62. 

Impairment  of  Water-Power  by  Diversion  of  Ten  Mile  River  Only,  in  a  Year  of 

Average  Rainfall. 
Proportion  of  entire  watershed  taken  away  by  diversion  of  the  entire 
Ten  Mile  river  at  Webatuck. 
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The  foregoing  table  shows  that  there  is  no  power  taken  away  from  the 
present  development,  but  it  is  the  opportunity  to  develop  more  power  at  some 
future  time  that  is  impaired.  Moreover,  since  on  mill  privileges  of  this  class 
abundant  experience  proves  that  it  rarely,  if  ever,  pays  to  put  in  turbines  to 
carry  more  than  the  entire  flow  of  the  river  in  the  fourth  month  in  order  ot 
dryness,  the  diversion  of  the  Ten  Mile  only  would  not  prevent  water  runnings 
to  waste  over  the  dam  for  two-thirds  of  the  time  in  any  ordinary  year,  and  at 
all  such  times  when  water  would  be  wasting,  there  could  be  no  real  injury* 
Nevertheless,  it  appears  ordinary  and  proper  to  adjust  damages  on  a  some- 
what more  liberal  basis,  so  assume  that  since  the  drainage  area  diverted  from 
Lanesville  is  exactly  the  same  as  the  drainage  area  diverted  from  Derby  and 
the  net  fall  at  Lanesville  is  8/21  of  fall  at  Derby,  the  power  that  the  diverted 
water  would  give  (if  developed)  might  be  claimed  to  be  worth  8/21  as  much 
at  Lanesville  as  at  Derby,  and  if  we  call  undeveloped  power,  needing  only 
more  turbines  and  flumes  to  develop  it,  worth  2/3  as  much  as  power  already 
marketed,  we  get,  on  the  basis  figured  for  Birmingham,  97,000  x  8/21  x  2/3 
X  .70/.75  =  $23,000,  as  a  theoretic  value  for  damages  at  Lanesville,  which  is 
certainly  several  times  what  the  amount  taken  away  from  this  opportunity  to 
develop  more  power  is  worth  commercialy,  but  is  not  more  than  half  what 
could  be  figured  out  on  the  steam  substitution  basis,  using  high  values  for 
steam  and  neglecting  the  disadvantages  of  a  small  variable  power. 

Water-Power  at  New  Milford. 
levi  p.  giddings  power  and  electric-light  plant. 

Pottery — Lessee  in  Part, 

The  flumes  and  races  are  short  and  the  turbines  are  all  in  one  compact 
group.  The  drainage  area  above  this  mill  site  is  1,123  square  miles.  The  fall 
now  is  gi  feet  gross,  probably  9  feet  net.    It  was  formerly  7  feet. 

The  pottery  is  said  to  use  about  30  horse-power,  by  day  only. 

Total  power  at  present  in  use  in  maximum"  hour  is  claimed  to  be  from 
150  to  175  horse-power. 

The  electric  light  plant  probably  runs  on  an  average  6  hours  out  of  the 
24,  furnishing  lights  for  the  streets  and  some  of  the  residences  in  New  Mil- 
ford.  This  power  plant  has  two  72-inch  Hunt  turbines  (probably  of  an 
early  pattern)  and  one  60-inch  Hunt  turbine  (possibly  of  recent  model) ;  also 
one  other  turbine  of  a  size  and  make  not  now  remembered  by  Mr.  Giddings. 
It  also  has  an  auxiliary  steam  plant,  consisting  of  an 'engine  for  furnishing 


4o8 


Water  Diversion  Damages — Ten  Mile  River. 


power  in  time  of  low  water,  of  about  185  horse-power,  with  two  boilers  of 
about  85  horse-power  each.  They  are  said  to  use  this  steam  plant  for  furnish- 
ing a  part  of  the  power  for  about  two  weeks  in  dry  years  when  water  is  insuf- 
ficient. All  electric  power  stops  at  midnight  and  street  lamps  are  not  run 
on  moonlight  nights.  An  additional  canal  for  further  development  of  power 
for  use  in  wet  months  is  apparently  feasible,  although  not  contemplated. 
The  storage  capacity  in  mill  pond  is  not  large,  and  apparently  they  cannot 
store  the  night  flow  except  when  very  small. 


Power  factor  per  cubic  foot  is  ~ —  x  70  per  cent 

550  ^     *^ 


0.72 


I 


Table  No.  63. 

Estimate  of  Largest  Practicable  Development  of  Water-Power  at 

New  Milford,  Conn. 

Impairment  of  Power  by  Diversion  of  Ten  Mile  River  Only,  in  a  Year  of 

Average  Rainfall, 
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Pond  storage  at  night  apparently  insufficient  to  augment  day  flow 
materially. 

After  the  diversion  of  the  entire  Ten  Mile  there  would  probably  at  all 
times  be  more  w^ater  left  than  the  present  turbines  could  use;  hence  the 
injury  consists  in  impairing  the  opportunity  to  develop  power  at* some  future 
time. 
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On  the  same  basis  as  estimated  for  Lanesville — calling  developed  power 
worth  the  same  as  at  Birmingham,  and  undeveloped  power  where  dam  and 
factories  already  exist,  worth  2/3  of  developed  power — since  net  fall  here  is 

—  of  net  average  fall  on  turbines  at  Birmingham, 

$97,000x^x2/3  x^=  $25,900. 

— which  theoretic  value  is,  as  before  found,  several  times  what  this  impair- 
ment of  opportunity  is  worth  on  any  ordinary  commercial  basis,  but  is  not 
more  than  half  what  it  might  be  figured  out  on  the  steam  substitution  basis 
■  and  neglecting  the  disadvantage  of  a  small  variable  water-power. 

Impairment  of  Opportunity  to  Develop  Pozver  at  the  Five  New  Dam  Sites 
Recently  Proposed  Below  the  Mouth  of  the  Ten  Mile  River, 

Site  at  Zoar — Eight  miles  above  Derby  Bridge,  50  feet  fall  proposed. 
Drainage  area  1,532  square  miles.  The  proposition  is  understood  to  be  for 
dam  34  feet  high,  with  canal  2  miles  long,  giving  50  feet  gross  fall.  Pro- 
posed for  electric  transmission.  Mill  pond  would  probably  flow  back  to  Ben- 
nett's Bridge,  about  5  miles.  The  works  to  give  50  feet  fall  appear  so  very 
expensive  that  there  is  a  question  if  this  enterprise  can  be  made  to  show  suffi- 
cient return  to  warrant  its  construction,  but  if  it  is  to  be  actually  developed, 
the  cost  of  land,  dams  and  canals  would  be  the  same,  whether  the  Ten  Mile 
river  is  to  be  diverted  or  not ;  that  is,  the  owners  would  save  nothing  substan- 
tial in  the  cost  of  development,  but  would  lose  one-eighth  of  the  possible 
power. 

Site  at  Little  York — Eighteen  miles  above  Derby  Bridge,  fall  now  about  8 
feet.  Proposed  fall  not  stated;  perhaps  12  feet  can  be  secured.  Watershed 
above  here  1,389  square  miles.  There  was  once  a  saw-mill  here,  but  it  was 
carried  off  in  a  freshet  forty-five  years  ago,  and  dam  site  on  main  river  since 
abandoned.  A  grist-mill  near  here  takes  water  from  a  small  side  stream. 
Appearance  of  site,  the  probability  of  back-water  and  the  low  fall  make  it 
open  to  serious  question  if  this  power  can  ever  be  profitably  developed. 
Housatonic  Company  said  not  to  own  the  old  mill  site,  but  are  said  to  have 
options  on  west  bank  of  river  only. 

Site  at  Southvillc,  Babbitt's  Bridge — Drainage  area  above  here  1,219 
square  miles.  Twenty-two  feet  gross  fall,  as  proposed.  Abandoned  as  a  mill 
site  for  past  forty-five  years.  At  various  times  before  this  there  was,  at  this 
site,  a  saw-mill,  grist-mill,  cotton-mill  and  a  hat  shop.  Dam  carried  away  in 
freshet  of  1854.     Housatonic  Power  Company  said  to  hold  options  on  con- 
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siderable  property  here.    Canal  proposed  about  2,000  feet  long,  giving  per- 
haps 25  feet  gross  fall. 

Site  at  New  Bridge — ^About  25  miles  above  Derby  Bridge,  4  miles  below 
New  Milford.  Drainage  area  1,206  square  miles.  Fall  proposed  probably 
about  20  feet.  Charter  gives  right  to  build  at  a  location  from  i  to  3  miles 
below  Lover's  Leap  Falls.  Coufd  not  learn  that  definite  options  on  control- 
ling lands  had  been  secured. 

Site  at  Gaylordsville — Drainage  area  998  square  miles.  Former  dam  here 
washed  away  about  twenty-five  years  ago-^not  rebuilt.  Said  to  have  been 
7  feet  high.  Apparently  can  get  1 5  or  20  feet  in  all  by  canal  1,500  or  2,000  feet 
in  length.  Company  said  to  have  not  yet  secured  options  on  all  controlling 
lands. 

Possible  Damages  at  Undeveloped  Sites. 

It  is  extremely  difficult  to  estimate  what  damages  might  be  claimed  or 
awarded  in  connection  with  a  diversion  of  water  from  sites  which  have  long 
been  abandoned  and  are  not  now  developed,  but  are  merely  "  prospects  " 
with  owners  trying  to  convince  capitalists  that  they  are  worth  the  cost  of 
development. 

As  illustrating  the  recent  commercial  value  of  lands  controlling  these 
prospective  power  sites,  it  is  reported  that  at  the  proposed  Gaylords- 
ville site  the  lot  of  f  acre  containing  the  site  of  the  west  abutment  of  the 
former  dam  and  the  former  mill  site  on  the  west  side  of  river,  was  purchased 
by  parties  representing  the  New  Milford  Power  Company  for  $700,  and 
the  company  declined  to  give  $1,000  for  the  corresponding  lot  on  the  east  side 
of  river;  but,  of  the  accuracy  of  this  statement  I  have  no  certain  knowledge. 
If  true,  this  furnishes  no  criterion  of  the  claims  for  damage  after  mechanical 
and  commercial  genius  has  transformed  waste  land  into  a  power  site,  and  in 
forecasting  the  possible  cost  to  the  City  of  New  York,  the  only  prudent  way 
is  to  estimate  upon  the  possibility  of  these  being  viewed  as  actual  water- 
powers. 

The  total  fall  proposed  at  these  five  possible  dam  sites  and  the  present 
watershed  areas  are  about  as  follows: 

Zoar 50  ft.  fall  x  i  ,532  square  miles  drainage. 

Little  York 12  ft.  fall  x  1,389 

Southville   25  ft.  fall  x  1,219 

New  Bridge 20  ft.  fall  x  1,206 

Gaylordsville 15  ft.  fall  x     998 

Total,  about 122  ft.  fall. 
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The  whole  is  thus  equivalent  to  about  122  feet  gross  fall,  or  about  117 
feet  net  fall  with  a  drainage  area  averaging  1,269  square  miles. 

In  the  cases  of  the  water-powers  at  Lowell  and  Lawrence  in  1896  the 
Metropolitan  Water  Board  (of  which  I  was  a  member,  and  thus  familiar  with 
all  the  facts),  acting  for  the  Commonwealth  of  Massachusetts,  arrived  at  an 
amicable  and  satisfactory  settlement  with  the  owners  for  power  actually  taken 
away  by  the  diversion  of  the  South  Branch  of  the  Nashua  river.  These  two 
water-powers  at  Lowell  and  Lawrence  were  developed  with  the  best  of 
granite  dams  and  substantial  canals,  all  in  the  very  best  of  order,  and  in  actual 
use  in  two  of  the  chief  manufacturing  cities  of  New  England.  The  price 
agreed  upon  was  about  $200,000.  This  covered  the  diversion  of  about  118 
square  miles  of  watershed  provided  with  storage  reservoirs  much  more  ample 
than  those  on  the  Ten  Mile  watershed,  and  the  total  fall  was  about  72  feet. 

In  the  same  proportion,  the  damage  by  diverting  the  200  square  miles 
of  the  Ten  Mile  Watershed  from  a  total  fall  of  122  feet  would  be 

$200,000  X  ??°jqH»i?3.|i^«  X  mp^^^  =  $575,000. 

118  square  miles  72  feet  fall 

Surely,  under  the  most  liberal  view,  the  damage,  as  measured  by  impair- 
ment of  fair  value  on  these  mere  opportunities  or  possibilities  for  developing 
power  in  the  woods,  should  be  only  a  fraction  of  this  sum  paid  for  power 
actually  developed  and  largely  in  use  in  centres  of  industry  like  Lowell  and 
Lawrence,  because  a  large  sum  must  be  expended  before  any  power  could  be 
had  at  these  unused  mill  sites. 

Water-power  Damages,  Ten  Mile  and  Upper  Housatonic. 

Injury  to  Water-powers  on  the  Housatonic  River  in  the  State  of  Connecticut 
that  Would  Be  Caused  by  the  Diversion  of  the  Upper  Housatonic  and  the 
Ten  Mile  Rivers, 

It  would  be  15  years  hence  before  the  ordinary  flow  of  the 
river  below  Merwinsville  would  need  to  be  affected  by  any  diversion  for 
New  York.  Prior  to  that  time  by  merely  storing  and  using  flood  water ,  which 
now  runs  to  waste,  sufficient  water  could  be  obtained  for  all  of  New  York's 
needs,  without  in  the  slightest  degree  impairing  the  water-power  of  any  mill 

■ 

between  New  Milford  and  the  sea. 

The  custom  of  the  law  has  been  to  treat  such  diversions  as  immediate 
and  entire,  but  as  this  is  contrary  to  the  fact,  I  believe  it  could  be  changed  and 
a  charter  drawn  which  should  until  the  year  191 5  require  the  present  rate  of 
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summer  flow  maintained  and  then  permit  a  further  progressive  diversion  after- 
ward until  all  was  taken — so  that  damages  could  be  adjusted  in  accordance 
with  the  real  needs.  The  following  estimate  will,  however,  proceed  on  the 
basis  of  entire  diversion  immediately. 

The  injury  that  would  be  caused  by  the  diversion  of  the  Ten  Mile  only 
has  already  been  considered.  The  injury  to  power  sites  and  mills  located 
along  the  Ten  Mile  river  is  not  increased  by  the  diversion  of  the  Upper 
Housatonic,  but  to  the  mills  on  the  Housatonic  there  comes  a  much 
greater  injury  than  that  arising  from  the  diversion  of.  the  Ten  Mile 
alone  because  of  the  four-fold  additional  volume  of  water  diverted,  and 
because  the  projected  development  at  Bull's  Bridge,  which  is  not  interfered 
with  by  the  diversion  of  the  Ten  Mile  river,  becomes  submerged  by  the  pro- 
posed Housatonic  Dam. 

There  are  also  three  very  small  developed  mill  sites — one  cider  mill  and 
two  small  saw  and  grist-mills,  on  side  streams  entering  above  the  proposed 
large  dam  that  would  be  submerged. 

There  are  also  abandoned  mill  sites  on  the  main  river  above  Bull's  Bridge 
at  Swift  Bridge,  Kent  Furnace  and  Cornwall  Bridge  that  would  be  sub- 
merged by  the  proposed  Housatonic  Dam. 

No  reason  appears  why  any  quantity  of  water  will  need  to  be  left 
steadily  flowing  in  the  stream  past  the  proposed  Housatonic  Dam  in  dry 
weather  at  all  future  times,  as  is  sometimes  the  case  for  "  wash-water  "  or 
for  the  dilution  of  sewage  where  mills  or  cities  are  located  close  below  the 
point  of  diversion  of  a  large  stream.  There  will,  after  diversion,  be  105 
square  miles  of  watershed  left  tributary  to  the  stream  before  it  passes  New 
Milford,  the  nearest  village  below  the  proposed  diversion;  several  good- 
sized  tributaries  coming  in  between  the  proposed  dam  site  and  this  village 
giving  ample  water  for  dilution  of  New  Milford's  sewage,  or  for  all  purposes 
except  power  at  the  Gidding's  Mill  site.  By  giving  to  the  owner  of  the 
mill  using  water-power  a  sum  sufficient  to  buy  and  erect  steam  engines  and 
boilers,  and  by  the  further  payment  of  a  sum,  the  interest  on  which  would 
buy  coal,  or,  indeed,  if  given  the  full  commercial  value  of  his  present  entire 
plant  and  paid  a  fair  bonus  in  addition,  he  surely  can  have  his  injury 
repaired. 

On  page  422  of  this  Appendix  will  be  found  a  brief  description  of  all 
the  developed  and  undeveloped  powers  below  the  proposed  dam  site  on  the 
Housatonic;  we  will  review  them  again  with  the  larger  diversion  in  view, 
beginning  at  the  downstream  end. 


Water  Diversion  Damages — Ten  Mile  River. 


413 


Estimate  of  the  Largest  Practicable  Development  of  Water-Power 

BY  THE  OuSATONIC  PoWER  COMPANY  AT  BIRMINGHAM,  CoNN. 

Table  No.  64. 

Impairment  of  Power  Caused  by  the  Entire  Diversioti  of  the  Upper  Housatonic 
and  Ten  Mile  Rivers,  in  a  Year  of  Average  Rainfall. 

In  ubic  below  ill  is  figured  u  ii-hoar  power. 
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According  to  U.  S.  Census  Report  this  power  leases  for  from  $26.67 
down  to  $10.67  P^"*  "^t  horse-power  per  year.  Of  this  1,220  horse-power,  say 
two-thirds  would  be  permanent  power.  Call  average  price  for  power  taken, 
$23  per  horse-power  per  year. 

There  are  many  large  steam  power  plants  to-day  in  operation  in  New 
England,  which,  including  all  cost  of  labor,  coal  supplies,  repairs,  interest  and 
depreciation,  get  uniform  permanent  steam  power  at  a  cost  little  if  any 
greater  per  year  than  this  $23  per  net  horse-power. 

Loss  of  rental  if  all  the  present  power  were  leased  (it  is  said  that  only 
half  the  above  amount  is  leased),  1,220  x  $23  —  $28,100  per  year.  This  capi- 
talized at  5  per  cent,  is  $562,000  for  the  maximum  power  diverted,  which  is 
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more  than  the  amount  that  the  entire  power  development  at  Birmingham  is 
supposed  to  have  cost,  although  for  seven  or  eight  months  in  the  year 
after  the  total  diversion  of  the  upper  river  there  would  be  left  flowing  in  the 
-  stream  water  enough  to  furnish  as  much  power  as  the  total  now  in  use  and 
nearly  600  net  horse-power  left  in  the  driest  month. 

To  capitalize  the  total  rental  is  wrong,  because  it  assumes  the  entire 
powei"  already  sold  and  in  use  at  time  of  development,  whereas  customers 
have  in  thirty  years,  since  dam  was  built,  only  reached  requirements  for  about 
half  the  amount  of  power  which  I  have  estimated  above  as  possbily  available, 
and  this  large  figure  moreover  does  not  recognize  the  cost  which  has  to  be 
deducted  from  gross  rental  received  to  cover  maintenance  before  net  profit 
is  reached. 

The  settlements  made  with  thfe  Water  Power  Companies  at  Lowell  and 
Lawrence  by  the  Massachusetts  Metropolitan  Water  Board,  and  which  from 
intimate  personal  knowledge  I  believe  to  have  been  fair  to  both  parties,  for  an 
impairment  proportionally  less  serious  and  for  fewer  months  in  the  year,  but 
for  power  not  fully  in  use,  would,  when  reduced  to  same  basis  of  watershed 
and  fall,  amount  to  about 

1,018       21        -  - 

^—o'  X  —  X  $200,000  =  $503,000. 
118        72  '^  ^ 

But,  on  the  other  hand,  by  the  steam  substitution  basis,  using  high  cost 
for  steam  and  neglecting  certain  disadvantages  of  water-power,  the  total 
would  figure  out  much  more  than  even  this  large  sum. 

Bridgeport  Wood  Finishing  Company ^  at  Lanesvillc, 

This  company  now  has  water-power  from 1,198  square  miles. 

The  watershed  diverted  would  be 1,018 

Leaving  drainage  from 180      " 


<(  ti 


H 


Which,  in  the  distant  future,  say  thirty  years  hence,  when  all  the  water 
of  the  Housatonic  and  Ten  Mile  was  diverted  to  New  York,  would  leave  a 
river  flowing  here  about  as  large  as  the  Ten  Mile  river  as  it  now  runs  at  the 
South  Dover  Grist-mill,  and,  therefore,  abundant  for  all  purposes  except 
power,  and  capable  of  yielding  power  to  the  extent  of  75  to  100  horse-power, 
or  about  one-third  power  enough  for  the  present  machinery  of  the  Wood 
Finishing  Company. 

This  factory  would  naturally  remain  here,  because  the  silex  which  it 
grinds  is  mined  close  at  hand  and  the  railroad  facilities  are  good,  with  a  siding 
into  the  yard. 
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The  natural  method  for  the  mill  to  repair  the  damage  caused  by  the 
diversion  would  therefore  be  by  replacing  the  diverted  water-power  with 
steam  about  15  years  hence.    The  plant  runs  twenty-four  hours  a  day. 


Estimate  of  the  Largest  Practicable  Development  of  Water-Power 
AT  Lanesville  Site  of  Bridgeport  Wood  Finishing  Co. 

Table  No.  65. 

ImphirmerU  of  Power  Caused  by  Entire  Diversion  of  the  Upper  Housatonic  and 

Ten  Mile  Rivers,  in  a  Year  of  Average  Rainfall. 
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Actual  awards  in  similar  cases  cover  an  extremely  wide  range  and  ap- 
pear governed  more  by  accident  and  statement  than  by  commercial  value. 

If,  for  a  rough  preliminary  estimate,  we  call  the  developed  power 
diverted  worth  the  highest  rate  charged  by  the  Water  Power  Company  at 
Derby,  $26.67  P^r  horse-power  per  year,  and  give  to  the  undeveloped  power 
diverted  a  present  value  equal  to  the  lowest  rate  at  Derby,  $10.67  per  horse- 
power per  year,  and  deduct  25  per  cent,  from  each  figure  for  cost  of  care  and 
maintenance  of  dams,  turbines,  we  have : 

Developed  power,  95  x  $26.67  x  75  per  cent $1,900  per'year. 

Undeveloped  power,  225  x  $10.67  x  75  per  cent 1,800   "      " 

Total  present  value  per  year $3»700 

This  capitalization  at  5  per  cent,  is $74,000 

On  the  steam  basis,  as  sometimes  followed,  a  larger  award  would  be 
reached. 

Six  per  cent.,  or  indeed,  8  per  cent.,  would  be  a  more  just  basis  than  5 
per  cent,  for  capitalization  in  a  case  of  this  kind.  I  believe  that  5  per  cent, 
is  the  most  liberal  basis  of  capitalization  that  can  be  properly  considered, 
because  the  proper  basis  is  a  rate  of  income  presenting  the  same  degree  of 
certainty  of  annual  income  as  the  present  business.  The  safety  and  certainty 
and  rate  of  yield  on  investment  in  a  small  country  water-power  is  different 
from  an  investment  in  Government  bonds  and  the  annual  cost  to  the  owner 
of  caring  for  this  kind  of  water-power  investment  is  much  more  than  that  of 
cutting  the  coupon  from  a  good  bond. 

New  AIilford  Site. 

diversion  of  housatonic  and  ten  mile  rivers. 

Lcz'i  P.  Giddings  Pmvcr  and  Electric  Light  Plant. 

New  Mil  ford  Site — Diversion  of  Housatonic  and  Ten  Mile  Rivers.     Levi  P.  Giddings  Power  and 

Electric  Light  Plant. 

This  plant  now  has  a  tributar}-  drainage  area  of . . . .        1,123  square  miles. 
The  drainage  area  proposed  to  be  diverted 1,018 


it  <c 


The  drainage  area  remaining 105 


ti  it 


The  water-power  remaining  after  diversion  would  therefore  be  about  the 
.same  as  tliat  at  present,  available  at  the  electric  light  plant,  grist-mill  and 
cider-mill  at  Dover  Plains,  which  has  a  little  more  drainage  area  and  a  little 
less  fall. 
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The  water  left  is  thus  ample  for  all  purposes  except  power,  and  would 
give  more  than  enough  power  for  the  present  pottery,  if,  as  reported,  this 
calls  for  but  30  horse-power.  The  pottery  is  not  the  owner  of  the  power,  but 
a  lessee. 

The  electric  light  plant  could  apparently  be  advantageously  located  in 
the  village  and  run  by  steam,  for  it  is  a  small  affair  which  it  would  hardly 
pay  to  maintain  here  if  the  power  used  cost  as  much  as  steam. 

Estimate  of  the  Largest  Practicable  Development  of  Water-Power 

AT  New  Milford,  Conn. 

Table  No.  66, 

Impairment  of  Power  Caused  by  Entire  Diversion  of  the  Upper  Housatonic  and 

Ten  Mile  Rivers,  in  a  Year  of  Average  Rainfall, 
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If  here,  as  at  Lanesville,  we  value  developed  power  at  highest  rates 
charged  for  water-power  at  Derby  and  the  undeveloped  power  at  the  lowest 
rates  charged  at  Derby,  Conn,,  and  to  get  net  value  take  oflt  25  per  cent,  of 
gross  receipts  for  care  and  maintenance,  we  get — 


Developed  power —      70  /  S26.&/  x  75  per  cent 

Undeveloped  power — 344  y    10-67  x  75  per  cent 


Si,400  per  jcar. 

2,7  jO 


S4^i5o 


This,  c2Lpit2Alzed  at  5  per  cent.,  for  reasons  previously  stated,  gives 
SSjXOO,  which  I  belie^'e  to  be  ver>-  much  more  than  the  real  injury  to  the  fair 
market  value  of  the  property  by  the  diversion. 


Impairmait  by  Diversion  of  Housatonic  and  Ten  Mile  Riz'ers. 

Six  unde\'eloped  water-power  sites,  at  Zoar,  Uttle  York,  Southville, 
Xew  Bridge,  Gaylordsville,  Bull's  Bridge. 

The  falls  and  the  tributar\'  drainage  areas  before  and  after  diversion  are 
as  follows: 


I  Possible  Dra-nage  area  Drainage  area 

t»lJ  before  dtver-  aiter    diwr- 

i  'about..  sioa.  saco. 

1.  Zoar 50  1,532  514  Below  proposed  dam. 

2.  Little  York- 12  1,389  371  " 

3.  .Souihvir.e 25  1,219  201  ** 

4.  New  Bridge 20  1,206  188 

5.  Gaylordsville 15  998  o 

6.  Buirs  Bndge 30  780  o 

Total 152 


•ft 


I  Above  proposed  dam. 
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My  personal  opinion,  based  upon  a  somewhat  wide  acquaintance  with 
water-power  development  for  twenty-five  years,  is  that  neither  of  these  sites 
presents  good  promise  of  a  fair  return  on  the  investment  required  to  develop 
its  power.  To  present  figures  in  detail  would  require  a  close  estimate  of  cost 
of  development  and  maintenance  and  of  outlay  necessary  at  each  plant  for 
auxiliary  steam  power  to  use  in  flood  and  drought,  for  the  Housatonic  is  a 
very  variable  stream  as  compared  with  the  Connecticut  or  Merrimack. 
Such  an  estimate  I  have  not  had  time  to  make,  and  it  indeed  appears 
unnecessary  in  the  present  nebulous  state  both  of  the  water-power  proposi- 
tions and  of  securing  this  source  of  supply  for  New  York. 

It  is  certain  that  for  very  many  years  past  they  have  had  no  value  what- 
ever for  power  and  have  run  to  waste,  and  that  many  of  the  recent  owners 
have  been  willing  to  sell  their  rights  at  a  very  low  figure;  It  is  claimed  that 
electrical  transmission  of  power  now  opens  a  new  field  for  successful  develop- 
ment. Very  few,  if  any,  practical  applications  under  similar  circumstances 
can  be  found  to  substantiate  this  claim.  I  have  had  occasion  as  an  engineer 
to  analyze  several  similar  propositions  and  found  the  cost  of  development, 
plus  cost  of  maintenance,  larger  than  any  leased  output  could  pay  fair 
interest  upon,  and  that  the  sites  then  in  question  had  therefore  no  real  value 
for  power. 

There  is  much  popular  misapprehension  on  this  question  of  electric 
transmission  from  a  variable  water-power  and  failure  to  understand  its  lack 
of  economy  and  other  disadvantages,  such  as  necessity  for  a  steam  plant  in 
duplicate,  to  use  in  flood  and  drought. 

The  small  prices  at  which  options  have  been  secured  on  the  real  estate 
controlling  some  of  these  privileges  is  of  interest.  Certain  it  is  that  the  water 
at  all  of  the  six  sites  runs  to  waste  to-day,  although  companies  to  develop  the 
power  were  chartered  about  seven  years  ago. 

I  incline  to  the  view  that  a  close  study  of  these  mill  sites  will  show  that 
there  is  no  hope  of  finding  a  fair  return  on  the  investment  for  developing 
more  than  two  out  of  these  six  sites,  and  that  even  in  these  two  cases  the 
economy,  as  compared  with  steam,  is  very  doubtful.  If  this  is  true,  then 
building  the  dam  for  New  York  near  Merwinsville  would  cause  no  real 
damage. 

Heavy  damages  would  very  likely  be  claimed,  but  from  any  estimate  of 
possible  revenue  to  be  derived  from  sale  of  power,  there  must  be  deducted 
the  necessary  cost  of  development  and  interest  on  the  cost  of  development 
and  the  interest  that  rolls  up  while  waiting  for  customers  for  the  whole.    It  is 
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slow  work  to  build  up  a  steady  line  for  custom  for  long-distance  electric 
power,  and  these  locations  are  in  a  region  where  there  is  no  local  demand. 
It  would  beyond  all  question  be  more  profitable  for  the  owners  of  these  char- 
ters and  for  the  farmers  who  have  not  yet  given  options,  to  accept  each  his 
fair  share  in  the  diversion  of,  for  all  the  nine  possible  power  sites,  let  us  say 
$500,000,  than  to  go  ahead  and  make  further  efforts  to  complete  the  control  of 
mill  sites,  secure  capital,  build  w^orks  and  wait  for  customers  for  electric 
power. 

BuWs  Bridge  Dam  Site. 

This  is  located  on  the  Housatonic  about  one-half  mile  above  confluence  of 
the  Ten  Mile  and  nearly  four  miles  upstream  from  proposed  great  dam. 
Has  780  square  miles  tributary  watershed.  Has  run  to  waste  for  past 
twenty-five  or  thirty  years.  Was  formerly  a  water-wheel  here  with  12  feet 
fall,  which  ran  a  blast  furnace.  Probably  a  fall  of  nearly  25  feet  can  be 
secured  by  canal  of  moderate  length. 

This  is  one  df  the  sites  secured  by  the  New  Milford  Power  Company, 

.which  is  understood  to  have  purchased  the  real  estate  formerly  belonging 

to  the  iron  works,  but  are  understood  to  have  not  yet  secured  real  estate 

controlling  west  end  of  dam,  but  probably  have  secured  some  flowage  rights 

on  west  side  upstream. 

Kent  Furnace  Dam  Site, 

About  five  miles  upstream  from  Bull's  Bridge.  Fall  8  feet.  Drainage 
area  755  square  miles.  Has  run  to  waste  for  five  years.  Formerly  supplied 
power  for  an  iron  smelting  furnace.  Dam  was  blasted  away  five  years  ago 
by  its  owners — the  iron  company — to  prevent  danger  from  floods  to  the  sur- 
rounding intervale  lands,  railroad,  etc.  The  furnace  company  is  understood 
to  still  own  the  adjacent , real  estate,  dwellings  and  other  buildings.  All 
manufacture  was  abandoned  here  five  years  ago. 

Sunft  Bridge  Dam  Site, 

About  seven  miles  upstream  from  Kent  Furnace.  Fall  15  feet.  Seven 
hundred  and  twenty  square  miles  of  tributary  w^atershed.  Said  to  have  been 
last  used  about  thirty-five  years  ago  for  a  grist-mill,  with  five  runs  of  stone. 
Abandoned  about  thirty-five  years  ago  and  dam  blasted  away  from  fear  of 
floods.    Said  to  be  owned  bv  Edward  Bierce. 
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Cornwall  Bridge  Dam  Site. 

One  and  one-half  miles  upstream  from  Swift  Bridge.  Dam  10  feet 
high — carried  away  twenty-five  years  ago  in  a  flood.  Tributary  watershed 
about  700  square  miles.  Power  said  to  have  been  formerly  used  for  a  saw- 
mill. 

There  is  also  a  small  country  grist-mill  on  a  tributary.  Has  only  about 
one  square  mile  of  watershed,  which  has  12  feet  fall  on  very  small  side  stream 
entering  at  Cornwall  Bridge. 

There  is  also  an  abandoned  power  on  another  side  stream  entering  at 
Cornwall  Bridge,  10  feet  fall.    Formerly  served  an  iron  furnace. 

Lest  some  future  case  be  prejudiced  by  giving  the  final  estimate  of  dam- 
ages adopted  in  the  estimate  as  most  probable  for  each  mill  site,  these  details 
have  been  withheld.  A  lump  sum  for  water  diversion  damages  has  been 
presented  along  with  the  detailed  estimates  of  cost  of  reservoirs,  which  sum 
was  arrived  at  after  a  study  of  many  actual  awards,  and  is  believed  to  be 
liberal.  To  this  a  further  reasonable  sum  has  been  added  for  probable 
expenses  of  litigation. 

The  foregoing  data  will  enable  any  expert  in  this  line  to  readily  make  up 
a  check  estimate. 


28 
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Of  the  above,  Nos.  13,  14,  15,  21,  22,  23,  24,  25,  26,  are  petty  affairs. 
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ply  of  New  York,  by  Dams  at  MerwinsvilU  or  Webatuck, 

additional  power  may  be  developed  are  based  on  only  a  reconnaissance,  and  may  be  modified  by 


Total  Horse-Power  Available 

Approx.  Amount  of  Power  Taken 

Away  from  Maximum  Development 
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from  Maximum  Development  by 

Before  Diversion. 
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The  sum  total  of  Developed  Power  that  would  be  taken  aws 

lyfrom  mills  in  Connecticut  is  seen  by 

the  table  above  and  by  the  various  estimates  on  pages  397  to  491 

to  amount  to  only  : 

0 

For  Diversion  o£  Ten  Mile  River,  about     a6o  Horse 

-power  4  months  in  the  year. 

0 

For  Diversion  of  Upper  Housatonic,     '*     t,30o           ' 

•             8               " 

0 

The  impairment  of  opportunity  to  develop  more  power  by  . 
amounts  to  only  : 

additional  turbines  at  sites  already  in  use 

0 

For  Diversion  of  Ten  Mile  River,  about     590  Horse 

power   4  months  in  the  year. 

0 

For  Diversion  of  Upper  Housatonic,     **     1,500            * 

•                   X3 

0 

At  the  proposi  d  power  sites,  which  have  so  far  remained 

undeveloped,  although  the  companies  to 
[  opportunity  to  develop  power  would  not 

develop  them  were  chartered  seven  years  ago,  the  impairment  0 

0 

exceed : 

0 

For  Diversion  of  the  Ten  Mile  River,  about    3,000  H 

[orse-power  X3  months  per  year. 

0 

For  Diversion  of  the  Upper  Housatonic,     "     2o,oco 

t*                   It 

Considering  the  fair  market  value  of  the  developed  power  Ir 

1  these  localities  and  the  great  expenditure 
it  is  believed  that  the  sums  allowed  in 

0 

required  to  make  the  undeveloped  power  of  practical  value, 

0 

Table  5a,  page  379,  for  damages  to  water  rights  are  ample. 

• 

without  possibility  of  any  noteworthy  value  under  present  conditions. 
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Yield  of  Esopus  Creek. 

The  total  volume  of  storage  available  in  the  reservoirs  proposed  by  the 
Ramapo  Company  Upon  Esopus  Creek  above  Olive  Bridge,  was  estimated 
by  Mr.  George  H.  Rice,  formerly  Deputy  Chief  Engineer  of  the  Croton 
Aqueduct  Commission,  and  well  qualified  to  judge  of  such  matters,  in  his 
report  to  you  dated  August  29, 1899,  page  4,  at  less  than  12  billion  gallons. 

If  this  is  the  most  storage  that  can  be  obtained,  then  it  can  be  stated 
with  reasonable  certainty,  that  the  safe  yield  of  the  Esopus  Watershed  for 
purposes  of  public  water  supply  would  not  be  more  than  100  miUion  gallons 
per  day. 

It  is  perhaps  feasible  to  build  the  dams  higher  than  proposed  in  the  filed 
plans  of  the  Ramapo  Company  and  perhaps  possible  to  choose  better  loca- 
tions for  some  of  them,  and  it  may  be  thereby  possible  to  obtain  more  storage 
and  thus  a  larger  yield,  but  at  most  not  exceeding  150  million  gallons  per 
day.  I  have  not  had  time  or  funds  sufficient  for  investigating  this  difficult 
question  of  the  dam  sites  exhaustively  and  cannot  learn  that  the  Ramapo 
Company  or  any  other  party  has  made  such  necessary  investigations. 

Under  the  most  liberal  assumptions  about  rainfall  and  storage  reservoir 
sites  that  can  be  made  with  reason,  the  Esopus  Creek  alone,  above  Olive  Bridge, 
can  be  made  to  yield  only  about  the  same  quantity  of  water  as  the  Ten  Mile 
river,  above  the  proposed  Webatuck  dam;  while  its  dam  sites  are  inferior  to 
that  at  Webatuck  and  the  chances  are  that  the  safe  yield  of  the  Esopus  would 
be  very  much  smaller  than  that  of  the  Ten  Mile  river. 

This  yield  of  Esopus  Creek,  at  Olive  Bridge,  is  deduced  as  follows: 
The  drainage  area  of  Esopus  Creek,  above  Olive  Bridge, 

as  found  by  tracing  it  out  and  planimetering  it  on  the 

best  maps  obtainable*  is 242  square  miles. 

Mr.  R.  D.  A.  Parrott  (see  Scientific  Aran.  Sup.,  Sept.  4,  x886),  in  the  original  Esopus  project 
for  a  water  supply  to  New  York,  calls  the  Esopus  drainage  area  240  square  miles. 

The  total  capacity  of  the  storage  reservoirs  proposed  by  the  Ramapo 
Company,  as  found  by  Mr.  Rice  from  first  examining  the  filed  locations  in  the 
County  Clerk's  office,-]-  making  notes  therefrom  and  then  going  over  the 

•  Map  of  1899,  compiled  by  Fisheries,  Game  and  Forest  Commission,  and  Colton's  maps 
of  Ulster,  Greene  and  Delaware  Counties,  both  on  scale  of  2  miles  to  1  inch. 

t  These  location  maps  filed  by  the  Ramapo  Company  in  fhe  County  Clerk's  officer,  in 
general  -do  not  state  the  elevation  of  the  proposed  flow  h'nes  or  ihe  heights  of  the  dams  and  it  is 
very  difficult  to  obtain  any  definite  information  of  their  proposed  plan  of  development  from  these 
maps.  The  filed  maps  are  mere  outlines,  but  from  certain  orijjiinals  shown  me  bv  Mr.  No«»trand,  I 
infer  they  were  all  traced  from  topographical  survey  m^ips,  givinjf  full  detail  of  contour  and  eleva- 
tion. In  answer  to  my  questions  about  his  dam  sites  Mr.  Nostrand  showed  me  only  note  book 
sketches  of  surface  indications. 

ft  In  fairness  to  Mr.  Nostrand  I  desire  to  state  that  he  very  kindly  offered  to  accompany  me 
to  the  Esopus  valley. 
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ground  with  aneroid  and  hand  level  and  estimating  the  dimensions  of  the 
area  to  be  flooded  by  the  eye,  was  as  follows.    We  quote  Mr.  Rice's  report : 


Olive  Reservoir—**  Would  impound  less  than. 2,000  million  gallons." 

Boicevilie — **  Capacity  is  less  than 2,075 

Cold  Brook — •*  Has  a  capacity  of  less  than 3,000 

Phoenicia —     ) 

Shandaken —  >•  **  These  three  reservoirs  have  a  storing  capacity  of  less  than.  4,000 

Big  Indian —  ) 


«  kk 

<i  ik 


Total  storage  on  main  stream  per  Mr.  Rice x  1,000 


((  (k 


Lake  Hill — Capacity  not  stated  by  Mr.  Rice 

*•  These  seven  available  reservoirs  as  located  by  the  filed  plans  of  the 

Ramapo  Company  have  a  total  capacity  for  storage  of  less  than 12,000 


««  kk 


In  proportion  to  the  drainage  area,  this  storage  found  by  Mr.  Rice  is 

12,000  million  gallons 


242  square  miles 


,50  million  gallons  storage  per  square  mile 


The  total  area  of  water  surface  exposed  to  evaporation  would  be  not  far 
from  5  or  6  square  miles.    Thus  the  ratio  of  water  to  land  is  2  per  cent. 

Rainfall  and  Run-oif. 

There  appear  to  be  neither  rainfall  records  nor  stream  flow  gaugings 
available  for  this  region.  The  Esopus  Watershed  is  an  ordinary  "  flashy  " 
mountain  watershed,  needing,  with  the  same  rainfall,  more  storage  than  a  low- 
land stream  to  produce  a  uniform  delivery,  and  conversely  affording  a  smaller 
safe  yield  per  square  mile  in  summer  than  a  low-land  stream,  unless  larger 
storage  reservoirs  are  built.  After  considering  the  matters  stated  below,  I 
have  adopted  for  the  Esopus  the  same  yield  per  square  mile  as  the  Croton 
when  provided  with  equal  storage — granting  that  it  may  perhaps  have  a 
larger  annual  rainfall  and  a  smaller  evaporation  but  offsetting  against  these 
advantages  the  disadvantages  common  to  flashy  mountain  streams. 

The  average  declivity  of  the  watershed  is  very  high,  causing  a  very  rapid 
drainage  of  the  surface  and  of  the  ground.  The  evidence  available  tends  to 
show  the  rapid  downpour  of  a  large  proportion  of  the  total  rainfall  in  sudden 
showers;  a  condition  unfavorable  to  its  soaking  into  the  ground  to  reappear 
in  springs  with  a  steady  yield  in  time  of  drought.  A  somewhat  hasty  view 
of  the  geological  formation  indicates  that  only  the  lower  levels  of  the  valleys 
are  filled  with  deposits  of  porous  drift,  and  that  these  deposits  are  narrow. 
The  conditions  appear  very  unfavorable  for  large,  slow-moving  ground  water 
storage,  suitable  for  equalizing  the  flow  from  February  to  October  or  for 
carrying  over  water  from  one  year  to  another  year. 
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On  the  steep  rocky  slopes  there  is  less  sponge-like  storage  in  the  soil  to  regulate  the  flow  as  it 
slowly  drains  out,  than  is  found  upon  a  low-land  stream.  Mr.  Rice  reports  that  at  time  of  his 
examination  the  stream  was  so  shrunken  that  one  could  cross  it  on  the  stones  projecting  from  its 
bed,  without  wetting  his  feet.  This  implies  an  exceedingly  low  flow  for  a  watershed  of  240  square 
miles.  High  altitudes  give  small  winter  flows,  and  even  on  the  Croton  January  is  often  a  month 
of  such  small  river  flow  that  storage  has  to  be  drawn.  Reservoirs  on  the  Esopus  would  probably 
be  later  in  replenishing  than  upon  the  Croton,  and  the  extreme  cold  of  winter  would  probably  hold 
back  the  natural  flow  in  larger  degree. 

By  the  diagram  of  watershed  yield  derived  from  the  Sudbury  Records, 
and  fully  confirmed  by  our  Croton  Records,  a  watershed  similar  to  the  Sud- 
bury, having  only  50  million  gallons  of  storage  per  square  mile  cannot  be 
relied  upon  to  yield  in  years  of  extremely  low  rainfall^  more  than  390,000 
gallons  per  square  mile  of  total  surface  per  day  (see  diagram.  Fig.  48).  This, 
multiplied  by  the  242  square  miles  area  of  Esopus  above  Olive  Bridge,  gives, 
on  both  the  Sudbury  and  on  the  Croton  basis,  a  safe  yield  of  only  94  million 
gallons  per  day. 

Taking  the  most  generous  view  that  is  reasonable  and  taking  the  reser- 
voir capacity  from  the  filed  locations  as  estimated  by  Mr.  Rice  as  correct,  I 
believe  we  are  not  justified  in  reckoning  the  safe  uniform  delivery  of  the 
Esopus  Creek  alone  at  Olive  Bridge,  at  more  than  100  million  gallons  per 
24  hours. 

This  yield  of  only  100  million  gallons  per  day  is  so  surprisingly  small, 
from  a  source  so  confidently  put  forward  by  the  Ramapo  Company  as  the 
tnain  feature  in  a  proposed  contract  to  supply  200  million  gallons  of  moun- 
tain water  per  day,  that  a  brief  reconnaissance  over  the  same  ground  was 
made  by  Mr.  Ropes  and  subsequently  by  myself  in  order  to  learn  if  larger 
reservoirs  could  be  built,  and  a  larger  safe  yield  thereby  obtained.  The 
results  of  this  reconnaissance,  looking  for  the  maximum  of  storage,  are  in 
part  set  forth  in  the  accompanying  diagram,  Fig.  94. 

Larger  Reservoirs  on  the  Esopus, 

From  this  reconnaissance  and  from  certain  maps  very  courteously  shown 
me  by  Mr.  Peter  Elbert  Nostrand,  Engineer  of  the  Ramapo  Company,  it 
appears  that  if  future  borings  and  test  pits  prove  ledge  to  exist  in  the  bed  of  the 
stream  and  at  its  sides j  within  reasonable  distance ,  then  there  may  be  opportunity 
for  developing  more  storage  than  estimated  by  Mr.  Rice  from  the  maps  of 
reservoir  location  filed  in  the  County  Clerk's  office  by  the  Ramapo  Company. 
Plainly,  these  location  papers  already  filed  need  not  limit  the  height  of  the 
flow  line,  for  new  papers  could  be  filed. 
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While  such  larger  reservoirs  may  be  possible  and  will  be  estimated  upon 
in  the  effort  to  do  full  justice  to  the  Esopus  project,  I  was,  myself,  very 
unfavorably  impressed  with  the  apparent  lack  of  opportunity  for  large  stor- 
age. The  Olive  Reservoir  has  a  magnificent  exposure  of  bed  rock  but  is  the 
only  one  on  the  main  river  where  there  is  ledge  visible  at  the  proposed  dam 
site.  At  the  other  reservoirs  (excepting  the  Lake  Hill  site  on  a  side  stream) 
the  indications  are  very  unfavorable  for  safe  foundation  for  a  high  dam  at 
?ny  reasonable  expense.  The  upper  valley  was  apparently  originally  much 
deeper  than  now  and  filled  with  drift,  which  has  been  but  partially  eroded. 
The  narrow  places  in  the  valley  selected  for  dam  sites  are  caused  apparently 
by  porous  drift,  and  not  by  spurs  of  ledge.  The  terraces  or  benches  of  drift 
from  15  to  30  feet  above  the  bed  of  the  river  cut  off  a  good  deal  from  the  reser- 
voir capacity  that  would  naturally  come  from  so  high  a  dam,  and  with  a  low 
dam  such  as  might  be  safe  without  going  to  bed  rock,  the  volume  of  storage 
would  be  far  too  small. 

Until  some  one  puts  down  test  pits  and  proves  the  presence  of  ledge  within 
reach  and  that  conditions  are  safe  for  high  dams,  I  am  personally  disposed  to 
regard  100  millions  as  the  utmost  safe  capacity  of  the  Esopus  with  the  utmost  safe 
storage. 

Atwood  Reservoir — It  is  positively  stated  in  the  Ramapo  Company's 
proposition  to  the  city  that  no  water  was  to  be  taken  from  a  lower  elevation 
than  420  feet  above  sea  level,  and  this  restriction  cuts  out  the  use  of  the 
Atwood  (about  elev.  180)  and  several  other  reservoirs  on  which  locations  had 
been  filed. 

Ramapo  Company\s  Reservoir  Maps. 

Olive  Reservoir — From  certain  survey  plottin^s  on  contour  maps,  scale  200  feet  to  i  inch, 
shown  me  by  Mr.  Nostrand,  and  which  bore  all  appearances  of  being  carefully  made  maps, 
suitable  for  water  supply  studies,  I  noted  roughly  that  the  contour  lines  of  the  map  for  the  Olive 
Reservoir,  with  flow  line  at  495,  bottom  of  valley  at  dnm  site  beings  about  elevation  435,  would 
give  a  total  storage  in  Olive  Reservoir  of,  roughly,  4  billion  gallons,  and  that  the  map  indicates  the 
contour  of  the  valley  favorable  for  a  flow  line  at  elevation  of  540,  by  flowing  out  the  railroad  and 
the  adjoining  Village  of  Shokan,  in  which  case,  according  to  said  maps  of  the  Ramapo  Company, 
the  storage  might  "reach  the  7  billion  c:anons,  stated  by  Mr.  Dalton  (see  **  City  Record,"  August 
23,  p.  5271)  instead  of  the  2  billion  gallons  found  by  Mr.  Rice  for  the  smaller  and  more  reasonable 
dam  and  the  less  expensive  flowage  ;  but  it  would  from  my  reconnaissance  appear  to  require  exten- 
sive borings  in  the  north  bank  to  prove  that  a  dam  over  xoo  feet  high  was  safe  without  very 
expensive  wing  walls. 

Cold  Brook,  etc. — 1  was  not  shown  the  Ramapo  Company's  plans  of  the  Cold  Brook,  Boiceville, 
Phoenicia,  Shandaken  and  Big:  Indian  Reservoirs,  which  Mr.  Rice*s  reconnaissance  gave  in  all  as 
containing  9  billion  jjallons  per  filed  plans.  My  own  reconnaissance  gives  the  probable  fnaximum 
development^  regardless  of  poor  or  doubtful  quality  of  dam  sites ^  at  about  15  billion  gallons. 

Mr.  Dalton*s  statement  in  his  communication  to  the  Board  of  Estimate  (see  "City  Record,'* 
August  23,  1899,  p.  5271)  that  **Coal  Brook  Reservoir"  can  contain  ic  billion  gallons,  may  be 
thus  explained  if  taken  to  mean  the  maximum  possible  development  of  the  series  of  reservoir  sites 
above  Cold  Brook,  on  the  EIsopus,  regardless  of  doubtful  foundations. 

Lake  Hill — At  the  Lake  Hill  Reservoir  the  map  shown  me  by  Mr,  Nostrand  bore  all  ordinary 
appearances  of  being  reliable,  and  the  drawings  indicated  a  reservoir  site  of  unusual  excellence  and 
economy,  and  showed  a  higher  water  supply  value  than  found  by  Mr.  Rice.     The  Kaaterskill 
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sheet  of  the  U.  S.  Geological  Survey  also  shows  this  Lake  Hill  Reservoir  site,  and  tends  to  confirm 

the  accuracy  of  the  map  shown  me  by  Mr.  Nostrand. 

The  drainage  area  naturally  tributary  to  Lake  Hill,  as   traced  out  on  the 

Forest  Preserve  Map  and  U.  S.  Geological  Survey  Map  is 19.5  square  miles. 

Mr.  Nostrand  told  roe  that  he  had  planned  for  flow  line  at  1,050  ;  bottom  of  valley  being  at 
elevation  990  above  sea,  and  dam  being  only  125  feet  wide  at  bottom  and  400  feet  wide  at  top — 
**  solid  rock  all  around  dam  site." 

By  the  Ramapo  surveys  the  Lake  Hill  Reservoir  Dam  can  be  cheaply  raised  to  any  reasonable 
height  required  ;  this  is  confirmed  by  the  Geological  Map,  but  was  not  investigated  on  the  ground 
by  Mr.  Ropes  and  myself.  U' developed  to  yield  in  driest  years  8oo,coo  gallons  per  square  mile 
per  day  or  16  million  gallons  in  all,  a  storage  of  3.5  billion  gallons  would  }x  needed. 

It  therefore  appears  that  if  higher  dams  than  shown  on  the  original  locations  can  be  safely 
built,  which  is  doubtful,  and  thus  flowing  out  the  railroad  and  many  bouses,  a  total  storage  of 
7  4"  15  4"  3*5  ^  25.5  billion  gallons  of  storage  could  be  obtained,  which  is  double  the  amount  of 
storage  found  by  Mr.  Rice  from  hasty  reconnaissance  based  on  filed  plans,  thus  getting  a  total  as 
large  as  the  7  plus  the  15  billion  gallons  mentioned  by  Mr.  Dalton  ;  but,  as  already  stated,  the 
surface  indications  are  very  forbidding  for  dams  of  such  great  height. 

Yield  of  Esopus  with  Largest  Possible  Storage. 

(Disregarding  for  the  present  the  question  of  leaky  dam  sites.) 

To  compute  the  yield  that  these  larger  reservoirs  would  maintain,  the  watershed  yield  should 
be  computed  in  two  parts.  First,  all  of  the  main  stream,  and  second,  the  Lake  Hill  district, 
because  these  will  have  different  rates  of  yield. 

The  6  or  7  reservoirs  on  the  main  river  lying  as  they  do  in  close  proximity  and  with  the 
downstream  reservoirs  catching  the  waste  from  the  upstream  reservoirs  can  be  so  managed  as  to 
yield  substantially  the  same  as  if  the  whole  of  this  22  billion  gallons  of  storage  was  in  one  basin 
at  the  outlet. 

22  billion  gallons  storage  „.  „  .,,.,, 

— -. B.  100  million  gallons  storage  per  sq.  mile  of  land. 

222  square  miles  **  e»    r       1 

This,  on  the  Croton  and  Sudbury  basis,  per 

Diagram  No.  48,  with  3  per  cent,  of 

water   surfaces,   should   yield   a   safe, 

daily  flow  of  575,000  gallons  per  square 

mile,    which,    for    222    square    miles, 

amounts  to  222  x  575,000 128  million  gallons  per  day. 

Adding  from  the  Lake  Hill  territory 16 


tt  (t         tt       (« 


Esopus  total  yield 144 


«  <<  li  a 


We  thus  find  that  the  greatest  safe  yield  from  the  Esopus  above  Olive 
Bridge,  with  maximum  development  of  storage,  would  not,  in  round  num- 
bers, exceed  150  million  gallons  per  day. 

To  gain  this  large  volume  of  storage  would  drown  out  a  large  number 
of  houses  and  cover  the  larger  part  of  the  good  land  in  the  entire  valley  and 
throw  the  railroad  much  of  the  way  into  the  steep  side  hill  and  call  for  a  large 
number  of  very  expensive  dams.  The  conditions  for  dam  building  are  not 
favorable  except  at  Olive  Bridge  and  Lake  Hill.  We  may  therefore  con- 
sider the  greatest  possible  yield  of  the  Esopus,  according  to  the  amount  of 
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storage  that  can  be  reasonably  developed,  somewhere  between  75  and  150 
million  gallons  per  day. 

No  maps  have  been  piublished  giving  data  from  which  the  storage-reser- 
voir possibilities  of  the  adjacent  watersheds  can  be  accurately  determined. 
The  only  way  to  learn  them  definitely  is  to  put  a  survey  party  in  the  field 
equipped  for  stadia  surveys  and  levels,  and  to  spend  money  liberally  for 
test  pits  and  borings  seeking  for  ledge  at  the  dam  sites,  and  to  have  each 
locality  carefully  studied  by  some  competent  geologist,  as  I  have  already 
had  done  for  the  Webatuck  and  Merwinsville  sites  on  the  Ten  Mile  and  the 
Housatonic, 

It  is  a  public  misfortune  that  the  State  of  New  York  has  not  in  years 
past  co-operated  more  heartily  with  the  U.  S.  Geological  Survey  in  the  prep- 
aration of  topographical  maps,  so  that  these  excellent  maps  would  now  be 
available  over  all  this  territory,  in  which  water  supply  can  be  sought;  and  no 
better  expenditure  toward  an  exhaustive  study  of  these  water  supply  prob- 
lems can  be  made,  than  to  hasten  the  completion  of  these  maps  throughout 
this  region.  In  the  neighboring  States  of  New  Jersey,  Massachusetts  and 
Connecticut,  a  complete  topographical  map,  giving  contours  of  elevation, 
is  available  throughout  the  entire  area  of  the  State. 

« 

Watersheds  Adjacent  to  the  Esopus. 

The  Parrott  Plan — ^The  starting  point,  in  public  recommendation  of  the 
Esopus  as  a  water  supply  for  New  York,  is  found,  so  far  as  I  can  learn,  in  a 
paper  published  by  a  Mr.  R.  D.  A.  Parrott  in  the  Scientific  American  Supple- 
ment on  September  4,  1886,  written  against  the  Quaker  Bridge  Dam  and 
made  up  largely  of  froth.  In  the  last  few  paragraphs  of  his  article  an  earnest 
recommendation  was  made  of  a  water  supply  to  be  obtained  from  the  Cat- 
skill  Mountains,  and  a  map  was  presented,  of  which  I  attach  a  copy  (see  Fig. 
95).  The  Ramapo  Company's  locations  of  dams,  drainage  areas,  points  of 
diversion  and  direction  of  tunnels,  so  far  as  made  public,  follow  this  old  map 
to  a  very  remarkable  extent. 

In  Mr.  Parrott's  article  and  map  it  is  shown  how,  when  the  Esopus  has 
been  exhausted,  the  following  additions  can  be  made : 

1st.  To  the  north,  the  head  waters  of  Schoharie  Creek  from  no  square  miles 
can  be  brought  to  Esopus  by  a  tunnel  eight  miles  long. 

2d.  Still  further  north,  Batavia  Kill,  with  50  square  miles  of  drainage,  is  to  be 
brought  into  the  Schoharie  stream  above  mentioned,  by  a  tunnel  3 
miles  long,  and  after  following  the  stream  about  3  miles,  enter  and 
follow  the  8-mile  tunnel  to  Esopus  first  mentioned. 
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A  copy  of  the  Pairott  Map  of  proposed  Tunnels  and  Aqueduct  for  Supplying  New  York  City  with  Water  from 
EsopuE  Creek  and  neighboring  Water  Sheds.     (Se«  Scientific  Americaa  Supplement,  September  4,  t886.) 
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3d.  Next  starting  on  a  new  line  more  to  the  westward,  a  tunnel  from  Big 
Indian  on  the  Esopus,  at  elevation  1,210  feet,  running  8  miles  north- 
west to  Deane's  Comers  at  elevation  1,344  feet,  would,  it  is  said, 
drain  130  square  miles  and  bring  in  Dry  Brook,  Bush  Kill,  and  the 
head  waters  of  the  Delaware  river. 

Mr.  Parrott  says  the  total  drainage  area  of  these  is 

Esopus 240  square  miles. 

Schoharie  Creek no      "        " 

Batavia  Kill 50      " 

Delaware,  Bush  Kill,  Dry  Brook 130      " 


Total 530 


«        (t 


He  goes  no  further  with  definite  tunnel  propositions,  but  says  that  "  no 
doubt  both  the  Delaware  and  the  Neversink  could  be  made  to  contribute  in 
addition  the  flow  from  a  thousand  square  miles."  and  further,  that  with  tribu- 
tary watersheds  brought  in  by  short  tunnels  as  above  described,  "  the  time 
for  resorting  to  storage  will  be  long  postponed." 

All  these  matters  of  the  Parrott  proposition  are  so  nebulous  that  I  will  only  take  time  to 
note  that  his  tunnel  to  Schoharie  Creek,  8  miles  long,  as  shown  on  the  map,  runs  deep  under  a 
high  mountain  with  very  little  hope  for  more  than  one  practicable  shaft  and  this  shaft  (on  the 
West  Kill)  about  400  feet  deep.  In  fairness  it  must  be  said  that  this  map  was  intended  to  be 
illustrative  rather  than  exact  and  that  a  better  line  can  be  found  under  the  neighboring;  valley. 

An  arch-lined  tunnel  of  the  smallest  practicable  size  and  length  between  headings  would 
cost  not  less  than  $150,000  per  mile  and  would  more  probably  cost  $175,000.  This  tunnel, 
without  the  lining,  would  cost  not  less  than  $80,000  per  mile  and  more  probably  $90,000.  If  the 
tunnel  is  arched  and  lined  for  half  its  length  and  the  rock  found  sound  enough  to  warrant 
leaving  the  other  half  unlined,  the  cost  will  average  not  less  than  $1 10,000  per  mile. 

8  miles  of  6  foot  tunnel,  at  $1 10,000 $880,000 

The  shafts  will  cost  not  less  than  $100  per  foot,  or  at  least 80,000 

$960,000 
Add,  as  ordinarily,  for  supervision  and  contingencies,  15  per  cent 145,000 

Probable  cost  of  Schoharie  Tunnel  at  least $1, 105,000 

The  Batavia  Kill  tunnel,  3  miles  long,  could  hardly  cost  less  than 300,000 

A  total  for  these  two  tunnels  by  the  Parrott  plan  of  at  least 1,405,000 

And  possibly  with  more  arching,  particularly  if  given  a  less  steep  slope  in  order  to 

accord  more  nearly  with  ordinary  practice,  the  cost  might  rise  to 2,000,000 


The  Ramapo  Company's  tunnel  location  as  indicated  upon  a  map  filed  in 
the  County  Clerk's  office  at  Kingston  runs  from  the  mouth  of  the  Smith 
Bush  Kill,  north  i  degree  15  minutes  west,  taking  advantage  of  the  clove 
or  valley. 
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More  Favorable  Plans  Possible  for  Schoharie  and  Batavia. 

In  justice  to  the  possibilities  of  supplementing  the  waters  of  the  Esopus 
by  water  from  Schoharie  Creek,  we  note  from  our  hasty  reconnaissance  a 
more  favorable  tunnel  line,  although  longer;  and  the  opportunity  to  tap  the 
Schoharie  and  Batavia  Creeks  at  a  lower  elevation  where  the  combined  water- 
shed is  75  square  miles  larger,  and  where  the  yield  of  the  Schoharie  and 
Batavia  can  probably  be  made  50  per  cent.  more. 

This  new  line  would  average  about  15  degrees  farther  to  the  westward 
to  tap  the  Schoharie  Creek  at  Prattville,  5  miles  further  downstream  than 
Lexington.  This  Prattville  tunnel  line  would  contain  three  slight  angles  in 
order  to  secure  more  favorable  locations  for  shafts.  It  is  entirely  possible 
that  accurate  levels  and  more  complete  study  would  show  it  possible  to 
divert  Schoharie  Creek  at  a  point  still  further  down  stream  where  the  yield 
would  be  still  larger. 

Other  matters,  seemingly  of  more  importance  in  the  brief  time  at  my 
disposal,  have  prevented  the  full  development  of  this  reconnaissance,  but 
from  the  maps  and  two  or  three  brief  views  of  a  part  of  the  country  it  appears 
feasible  to  divert  the  drainage  from  about  235  square  miles  of  watershed  on 
the  Schoharie  Creek  and  the  Batavia  Kill  combined;  or  substantially  the 
same  drainage  area  as  that  above  Olive  Bridge,  and  that  the  storage  pos- 
sibilities in  quantity  and  cost  are  as  good  or  better  on  the  Schoharie  than 
on  the  Esopus.  In  other  words,  the  Schoharie  Creek  and  the  Batavia  Kill 
will  together  yield  just  about  the  same  total  quantity  of  water  as  the  Esopus, 
and  that  this  will  be  anywhere  from  75  to  150  million  gallons  according  to 
the  quality  of  dam  sites,  the  imperviousness  of  the  drift  deposits,  the  height 
of  dams  and  the  allowable  expediture  for  storage. 

So  the  Esopus,  the  Schoharie  and  the  Batavia  combined  would  safely 
yield  in  dryest  years,  anywhere  from  150  to  300  million  gallons  per  day, 
according  to  the  storage  capacity  constructed. 

Eleven  miles  of  tunnel  from  ShanHaken  to  Prattville,  in  comparison  with  the  30  miles  of  tunnel 
on  ibe  New  Croton  Aqueduct,  mav  not  appear  large,  but  it  makes  a  preat  difference  whether,  like  the 
Hoosac,  the  Mount  Cenis  or  the  St.  Gothard,  it  must  be  driven  mainly  from  portals  miles  away  from 
the  heading,  or  whether,  like  the  New  Croton  or  those  proposed  between  Sodom  and  Park  Hill  in 
another  part  of  this  report,  there  can  be  short  shafts  as  near  together  as  desired,  and  many  gangs 
worked  simultaneously. 

The  8-mile  tunnel  propo<«ed  by  Parrott  and  apparently  followed  by  the  Raraapo  Company, 
westward  from  Esopus  Creek  at  Big  Indian,  reaching  out  for  130  square  miles  of  the  watershed  at 
the  head  of  the  Delaware  river,  appears  to  be  about  1 1  miles  Ion?  by  the  latest  maps,  instead 
of  8  as  stnted  by  Pam^tt,  and  from  ihe  maps  and  general  appearances  not  an  advantageous  propo- 
sition, but  I  have  not  had  opportunity  for  any  thorough  s'udy  of  it.  It  appears  easy  to  obtain  a 
better  line,  having  frequent  shafts  as  roughly  indicated  in  Fig.  94,  than  the  shorter  line  on  the  Parrott 
map  which  indicates  the  tunnel  running  for  fully  5  miles  lengthwise  of  a  high  mountam  with  no  possi- 
bility of  a  shaft. 
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Tunnel  from  Esopus  to  Headwaters  of  the  Delaware, 

This  part  of  the  Parrott  plan  has  been  followed  to  some  extent  in  the 
Ramapo  Company's  plans,  judging  from  certain  of  the  locations  filed.  Cer- 
tain questions  regarding  the  right  to  divert  an  interstate  river  might  come 
up  in  this  connection  the  same  as  for  the  Ten  Mile  river;  but  probably  in 
much  less  serious  form,  because  of  the  small  proportionate  part  of  the  entire 
flow  of  the  Delaware,  that  would  be  diverted. 

It  appears  that  there  is  a  practicable  tunnel  line  by  following  nearly  the 
line  of  the  railroad,  thus  obtaining  shafts  at  reasonable  distances  apart  with 
none  deeper  than  450  feet,  but  this  tunnel  line  would  nevertheless  be  very 
expensive  and  a  very  slow  one  to  construct. 

I  have  not  had  time  to  investigate  the  possible  dam  and  reservoir  sites 
on  these  streams. 

The  later  maps  indicate  that  167  square  miles  of  watershed  can  be 
obtained,  instead  of  the  130  stated  by  Mr.  Parrott,  and  if  we  may  assume 
that  there  is  a  possibility  of  developing  as  much  storage  as  found  by  Mr. 
Rice  per  square  mile  of  the  Esopus  Watershed,  it  may  be  possible  to  obtain 
about  63  million  gallons  per  day  in  extreme  drought.  This  corresponds  to 
380,000  gallons  per  square  mile  of  gross  area,  and  requiring,  according  to 
Diagram  No.  48,  a  total  available  storage  of  50  million  gallons  per  square 
mile,  or  about  8.3  billion  gallons  of  available  storage  for  the  entire  167  square 
miles. 

Although  with  the  steep  hydraulic  gradient  attainable,  the  whole  safe  yield  of  this  167  square 
miles  could  oe  taken  through  an  unlined  tunnel  as  small  as  could  be  driven,  one  could  not  hope  to 
carry  a  tunnel  for  these  great  distances  so  small  as  the  standard  short  mining  tunnels  of  the  Rocky 
Mountain  region,  4  feet  wide  and  6  feet  high,  and  it  would  be  hopeless  to  expect  to  carry  the 
smallest  and  cheapest  possible  tunnel  through  to  these  smalt  high  tributaries  of  the  Delaware  for 
less  than  a  round  million  dollars,  and  a  cost  of  a  million  and  a  half  dollars  is  much  more  probable 
for  the  tunnel  alone. 

To  this  must  be  added  the  cost  of  the  impounding  reservoirs  and  the  cost  of  the  water  rights. 

I  regret  not  to  have  had  the  opportunity,  prior  to  the  time  set  for  sub- 
mitting this  report,  to  examine  more  fully  into  this  matter  of  diverting  the 
head  waters  of  these  tributaries  of  the  Delaware  into  the  Esopus,  but  from 
the  brief  consideration  outlined  above  it  does  not  appear  an  attractive  or 
economical  proposition. 

Cost  of  Esopus  Aqueduct  Line. 

This  reconnaissance  and  estimate  was  begun  with  a  view  to  comparing 
the  economy  of  water  from  the  Esopus  with  that  from  other  possible  sources 
and  with  the  intention  of  including  approximate  estimates  of  cost  of 
dams  and  reservoirs  sites  and  water  diversion  damages. 
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The  various  problems  were  found  to  be  so  complicated  and  the  data  on 
safety  of  dam  sites  so  very  uncertain  that  to  give  a  detailed  estimate  required 
more  field  work  than  the  time  afforded. 

The  shortest  distance  from  Olive  Bridge  to  the  city  limits  in  an  air  line 
is  about  74  miles.  The  shortest  practical  line  with  steel  pipe  and  tunnels 
appears  to  be  78  miles,  and  the  more  economical  route  using  cut  and  cover 
aqueduct  largely  86  miles,  while  from  a  filtration-plant  pumping-station  at 
Poughkeepsie  the  distance  is  61.5  miles,  and  from  East  Branch  Reservoir 
over  the  route  proposed  for  bringing  in  the  Ten  Mile  and  Housatonic  water 
the  distance  is  only  about  36  miles.  The  Ten  Mile  or  Housatonic  water 
would  have  precisely  the  same  elevation  as  proposed  for  the  Esopus  water 
at  city  limits,  namely,  300  feet  above  sea  level,  and  the  upstream  end  of  the 
aqueduct  be  42  miles  nearer,  with  even  more  safety  and  freedom  from 
liability  to  rupture  in  a  long  conduit  than  this  saving  in  distance  implies, 
because  of  it  having  no  such  very  difficult  and  unprecedented  structures  as 
those  required  for  crossing  the  Hudson  river. 

The  project  of  the  Ramapo  Company,  as  I  gather  by  conversation  from 
Mr.  Nostrand,  was  to  run  two  steel  pipes,  each  8  feet  3  inches  diameter, 
under  a  slope  of  about  2  feet  per  mile,  all  the  way  to  New  York,  with  the 
exception  of  some  short  lengths  of  tunnel.  It  was  proposed  to  cross  the 
Hudson  in  a  deep  tunnel  probably  near  Highland.  These  pipes  were  pro- 
portioned, as  Mr.  Nostrand  tells  me,  with  a  coefficient  of  flow  derived  from 
a  value  of  n  ^  0.16  in  the  Kutter  formula,  and  I  concur  with  the  result  of 
his  estimate  that  pipes  of  this  size  with  lap  courses  and  projecting  rivet  heads, 
and  after  considerable  fouling,  could  be  prudently  relied  upon  to  convey  200 
million  gallons  per  day  with  a  slope  of  2.0  feet  per  mile. 

My  studies  of  this  question  give  promise  of  a  cheaper  and  more  durable 
form  of  conduit  for  a  part  of  the  line  than  that  proposed  by  Mr.  Nostrand,  by 
availing  of  the  possibility  for  constructing  a  considerable  portion  in  cut  and 
cover  masonry,  instead  of  steel  pipe. 

To  put  the  Esopus  project  in  its  best  possible  light  I  have  prepared  the 
following  estimate,  which  is  probably  on  as  favorable  a  line  for  cost  as  that 
proposed  by  Mr.  Nostrand,  Chief  Engineer  of  the  Ramapo  Water  Company, 

Unfortunately  the  excellent  topoeraphical  maps  of  the  United  States  Geological  Surirey  have 
not  yet  been  extended  over  much  of  this  region  west  of  the  Hudson.  The  conduit  location  which 
appears  to  be  the  cheapest  is  one  starting  from  Olive  Bridge  and  following  the  trend  of  the  high 
ground  at  an  elevation  appropriate  for  cut  and  cover  aqueduct,  to  the  greatest  possible  extent  and 
without  too  great  deviation  from  the  general  direction  of  the  proposea  Park  Hill  Reservoir  site 
near  the  New  York  City  limits. 

A  hasty  and  very  incomplete  examination  of  portions  of  the  country  through  which  this  line 
will  run  seemed  to  show  that  such  a  line  would  follow  the  bluffs  and  slopes  on  the  south  side  of 
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the  Esopus  Creek  Valley  for  some  miles,  then  cross  the  Rondout  Creek  Valley  in  the  vicinity  of 
High  Falls  by  steel  pipe  siphon.  Thence  around  the  north  end  of  the  Shawangunk  Mountains, 
probably  with  a  tunnel  of  moderate  length  ;  and,  after  taking  advantage  of  the  slopes  on  the  east 
side  and  near  the  base  of  these  mountains,  so  far  as  can  be  done  reasonably  for  cut  and  cover  con- 
struction, cross  the  Wallkill  Valley  near  Libertyville  with  a  steel  pipe  Ime  and  occupy  ground  of 
suitable  height  on  the  ridge  easterly  from  Wallkill  river.  Thence  running  southward  along  this 
ridge,  mostly  with  cut  and  cover  aqueduct,  until  the  conduit  crosses  the  divide,  at  some  point 
southerly  from  Orange  Lake,  with  a  tunnel  perhaps  2  or  3  miles  long  and  one  easily  worked  with 
short  shafts.  The  valley  of  the  Moodna  Creek  would  be  crossed  by  bteel  pipe  siphon  at  suitable 
point  between  Mountainville  and  Orr's  Mills.  A  tunnel  about  4  miles  long  would  be  required 
through  the  north  portion  of  the  Highlands'(under  Black  Rock  Hill  and  southeasterly  from  there). 
The  chances  for  a  desirable  number  of  shafts  along  this  tunnel  are  not  very  promising  and  one 
drift  may  have  to  be  at  least  2  miles  long.  Thence  crossing  the  Hudson  at  the  best  point  between 
Highland  Falls  and  Fort  Montgomery,  the  line  continues  through  the  Highlands  on  the  east  side 
of  the  Hudson  river,  passing  under  the  hills  and  crossing  the  valleys  with  alternating  short 
stretches  of  tunnel,  pipe  line  and  cut  and  cover  to  a  point  in  the  Croton  Watershed  4)^  miles 
east  of  Peekskill,  where  an  admirable  site  for  a  3  to  5  billion  gallon  equalizing  reservoir  at  grade 
370  full,  340  drawn,  can  be  utilized  by  building  a  dam  at  Holman's  Mills. 

Thence  the  water  could  be  carried  about  half  the  way  by  steel  pipe  and  half  by  cut  and  cover 
masonry  aqueduct,  down  to  the  city  limits. 

The  total  distance  by  this,  apparently  the  most  economical  line  from 
Olive  Bridge  to  the  city  limits,  is  86  miles.  By  a  study  of  the  topographical 
maps  of  the  U.  S.  Geological  Survey  which  cover  the  southerly  portion  of 
this  line,  supplemented  by  an  incomplete  reconnaissance  in  this  region  for 
other  purposes,  it  appears  reasonable  to  expect  that  the  cost  of  such  a  con- 
duit line,  nominally  of  250  million  gallons  per  day  capacity,  but  expected  to 
serve  for  only  200  million  gallons,  after  making  the  allowances  that  have 
been  made  in  other  parts  of  this  report  for  impairment  and  surplus,  would 
be  at  least  $22,000,000.  The  estimate  for  this  follows  upon  the  next  page. 
The  proposed  aqueduct  starts  with  a  hydraulic  grade  at  Olive  Bridge,  when 
reservoir  is  drawn  down  to  elevation  485  feet  above  sea,  and  ends  at  the 
Niew  York  City  limits  2  miles  north  of  Jerome  Park,  at  a  hydraulic  grade 
of  300  feet  above  sea. 

A  conduit  (or  conduits)  of  400  million  gallons  actual  average  daily  capa- 
city, or  500  million  gallons  nominal  capacity  per  day,  when  clean,  built  along 
the  same  line,  would  probably  about  cost  $35,000,000,  but  there  is  no  hope 
of  sufficient  water  in  this  Catskill  region  being  diverted  above  grade  420  to 
fill  conduits  of  this  size. 
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Estimated  Cost  of  Conduits,  Olive  Bridge  Reservoir  to  City  Limits  (Woodlawn), 
Distance,  86,0  Miles  (Say,  25  Miles  of  Steel  Pipe,  50.5  Miles  of  Cut  and 
Cover,  and  p  Miles  of  Tunnel), 


Assumption — Hydraulic  Grades,  485  at  inlet  and  300  at  ouilet. 


80  8  ft. 
x8.o" 


50.5  m.  C.  &  C.  Aq.  at  x. 6' p. mile 

9.0  miles  tunnel  at  2.0'  p.  mile 

95.0  miles  pipe  at  ^.of  p.  mile 75.0  " 

Hudson  River  Tumirl  4.0'  p.  mile 6.0  " 

M  inor  losses 


5.=  " 


Total  head. 


185.0  ft. 


Daily  averaf^e  supply  aoo 
million  gallons. 

Capacity  (c^ean)  950  million 
gallons. 

Average  diameter  of  cut  and 
cover  aqueduct  xo.5  ft. 


Note — Holman's  Reservoir  can  be  drawn  to  grade  35o±  by  this  project,  giving, 
an  excellent  equalizing  reservoir. 


50.5  m.  C.  &  C.  Aqueduct 

4.5  m.  Arch  Lined  Tunnel 

4.5  m.  Side  Lined  Tunnel 

X.5  m.  Hudson  River  Tunnel,  excavation,  steel  lining,  concrete,  etc.,  complete. 

35.0  miles  /g  inch  pipe \ 

Present  value  of  second  line  of  pipe  deferred  6\  years,  discounted  at  3^  per  annum 

600  lineal  feet  shaft  excavation 

Bridges,  Culverts,  Blow-offs,  etc.,  on  77.0  miles 

93  Siphon  Chambers 

Right  of  way,  50.5  miles  cui  and  cover  aqueduct 

Right  of  way,  9.0  miles  tunnel 

Right  ot  way,  95  miles  pipe l 


Cost  per  unit. 

$142,000 
305,000 
948,000 


Diam.  8  ft.  3  in. 
xs3,uoo 


100 

X5,ooo 

xo,50o 

3.000 

9,500 

60  ft.  wide.     \ 
1,800     ) 


Aeld  1$%  ^o**  contingencies  and  supervision,  etc. 


Total  cost  of  conduit  line . 


The  estimated  additionsd  cost  for  terminal  and  equalizing  reservoirs,  which 
apparently  have  not  been  contemolaied  in  the  Esopus  project  as  pro- 
posed by  the  Ramapo  Water  Company,  is  as  follows  : 


Equalizing  reservoir  at  Holman's  Mill — Roughly,  say 
Terminal  reservoir  at  Park  Hill  (North  Basin  only}.. 


Total  cost. 


$7,X7x,oco 

x,377.ooo 

x,rx6,ooo 

900,000 

3,895,000 

3.156,000 

6o.eoo 

i,x55,ooo 

949,000 

159,000 

93,000 

45,000 


fx9, 999,000 
9,883,000 


$99,105,000 


x,x89,ooo 
3,696,000 


29 


\ 
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Storage  Requirements   for   Safe   Yield   of   200  Million   Gallons  Per  Day 

"  from  the  Esopus  and  Connecting  Watersheds." 

The  size  and  therefore  the  cost  of  the  required  storage  reservoirs  will 
vary  according  to  the  magnitude  of  the  safe  yield  that  the  given  stream  must 
provide.  The  two  hundred  million  gallons  proposed  can  not  be  had  from 
the  Esopus  alone,  however  high  its  dams  are  built  and  however  great  its 
storage.  The  cost  of  the  additional  water  beyond  what  the  Esopus  can  fur- 
nish depends  on  its  source. 

In  the  proposition  of  the  Ramapo  Water  Company  (see  City  Record,  p. 
5270,  August  23,  1899),  it  was  proposed  to  supply  on  "  each  and  every  day  " 
200  million  gallons  of  water  "  from  the  Esopus  and  its  tributary  and  con- 
necting watersheds  in  the  State  of  New  York  "  ;  and  that  the  water  "  shall 
not  be  drawn  from  any  stream  or  lake  the  surface  of  which  is  at  an  elevation 
of  less  than  420  feet  above  mean  tide  level." 

For  the  safe  delivery  of  this  200  million  gallons  per  day  from  Esopus, 
Schoharie  and  Batavia  creeks,  in  years  of  extreme  drought,  with  same  rain- 
fall, evaporation  and  steadiness  of  ground  yield  as  on  the  Croton,  a  storage 
capacity  of  at  least  30  billion  gallons  will  be  required,  and  there  is,  up  to 
date,  much  doubt  if  this  capacity  can  be  safely  obtained  at  any  reasonable 
cost. 

We  have  seen,  page  426,  that  with  the  reservoir  locations  as  filer!, 
and  according  to  the  approximate  storage  capacity  estimated  by 
Mr.  G.  S.  Rice,  the  safe  yield  of  the  Esopus  creek  itself  would 
not  exceed 94  million  gallons  per  day. 

While  by  developing  storage  reservoirs  to  the  utmost  by  dams  of 
uncommon  height  considering  the  poor  prospect  f  or  ledge  at 
most  of  these  dam  sites,  the  safe  yield  of  the  Esopus  could  pos- 
sibly be  developed  up  to - 150  million  gallons  per  day. 

If  the  Esopus  were  developed  with  no  more  reservoir 
capacity  than  is  common  in  water  supply  work  on 
such  streams,  the  safe  yield  would  probably  not 
exceed from  75  to  100  million  gallons  per  day. 

— leaving  to  be  obtained  from  **  connecting  water- 
sheds " 125  to  100  million  gallons  per  day. 

Presumably  the  Schoharie  would  be  sought  first,  since  that  is  nearest  and  largest  and  involves 
no  interstate  complications  like  the  Delaware  and  would  yield  softer  water  than  the  Catskill  creek. 

To  put  the  matter  in  a  favorable  light  as  is  reasonable,  assume  that  ledge  at  the  upper  dam 
sites  is  not  beyond  reach  and  that  there  is  ledge  within  reach  beneath  the  side  benches  of  drift  at 
the  site  of  the  wing  walls  of  the  dams  or  that  the  drift  is  safely  impervious. 

Assume  the  Schoharie  creek  diverted  below  the  Batavia  Kill,  at  Prattville,  where  draina^^e 
area  is  180  square  miles.  Then  if  same  proportion  of  storage  is  available  on  each  stream,  it  will 
require  upon  the  combined  240+  i8o-»420  square  miles  of  watershed,  a  total  storage  capacity  of 
30  billion  gallons.  This  is  72  million  gallons  per  square  mile  of  gross  area  which  per  the  Croton 
and  Sudbury  experience  as  set  forth  in  Diagram  No.  48  would  develop  a  safe  yield  in  extreme 
drought  of  476,000  gallons  per  square  mile  per  day,  or  200  million  gallons  per  day  from  the  420 
square  miles. 

We  have  already  discussed  the  reason  for  more  storage  being  required  per  square  mile,  to 
maintain  a  given  safe  flow  on  these  mountain  streams,  than  in  a  valley  like  the  Croton  or  Sud- 
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bury  ;  and  it  is  probable  that  more  than  30  biUion  gallons  capacity  in  storage  reservoirs  must  be 
provided  to  make  sure  of  a  delivery  of  200  million  gallons  per  day  from  the  Esopus,  Schoharie 
and  Batavia  creeks. 

As  against  the  possibility  that  so  large  a  storage  as  30  billion  gallons  can  not  be  safely  and 
economically  secured  above  Olive  Bridge  and  above  Prattville,  we  have  the  possibility  ot  finding 
it  possible  to  go  below  Prattville  and  obtain  somewhat  more  watershed. 

i  Probable  Cost  of  Storage  on  Esopus  Creek. 

This  storage  must  cost  more  per  million  gallons  than  storage  has  cost 
upon  the  Croton,  because  the  dams  are  more  difficult  than  those  already 
completed  on  the  Croton  tributaries  and  also  because  these  mountain  val- 
leys are  steep  and  narrow,  with  terraces  or  benches  of  drift  near  the  bottom, 
and  will  hold  less  storage  for  a  given  size  of  dam.  While  in  general  it  is  dif- 
ficult to  measure  the  cost  of  a  proposed  reservoir  by  multiplying  its  capacity 
by  an  assumed  cost  per  million  gallons,  we  can  draw  such  comparisons  with 
other  reservoirs  as  will  serve  for  a  fair  approximation  to  check  these  rough 
Esopus  estimates  in  advance  of  detailed  instrumental  surveys. 

In  the  broad  valleys  of  the  Croton  Watershed  the  total  cost  of  provid- 
ing storage  is  understood  to  have  averaged  about  $200  per  million  gallons 
of  reservoir  capacity  (see  also  Brooklyn  Report  of  1896,  p.  16). 

From  such  information  on  individual  reservoirs  as  I  have  been  able  to 
collect  this  figure  apparently  refers  to  the  earlier  and  smaller  basins.  Some 
of  the  enormous  basins  constructed  in  recent  years,  having  each  more  than  a 
square  mile  of  water  surface,  formed  by  short  dams  across  the  outlet  of  broad 
valleys,  appear  to  have  cost  considerably  less,  but  the  available  published 
figures  for  these  do  not  include  cost  of  land,  legal  expenses,  supervision 
during  construction  and  preliminary  surveys.  In  these  Croton  reservoirs 
railroad  locations  did  not  have  to  be  changed,  comparatively  few  house  sites 
were  flooded,  and  the  water-power  damages  were  small  or  absent.  The  per- 
gallon  basis  is  an  uncertain  one  on  which  to  estimate  cost  of  storage  reser- 
voirs, for  the  cost  will  evidently  vary  with  type  of  dam  and  depth  of  founda- 
tions; but,  after  examining  the  various  reservoir  sites  and  dam  sites  on  the 
Esopus,  and  from  our  reconnaissance  preparing  the  rough  sketches  shown 
in  Figures  96  to  99,  and  making  rough  comparisons  with  what  other 
water-works  dams  of  similar  length  have  cost,  and  reckoning  on  work  of 
only  the  most  superficial  character  in  removing  stumps  and  grubbing  the 
reservoir  beds  and  margins,  considering  the  absence  of  visible  bed  rock  at 
most  of  the  dam  sites,  the  narrowness  of  the  valleys  and  the  steep  declivity 
of  the  stream,  the  necessity  for  railroad  relocation,  the  villages  flooded  and 
the  mill  sites  impaired,  it  appears  that  the  total  cost  of  the  Esopus  storage 
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will  probably  average  not  far  from  $300  per  million  gallons  of  capacity,  and 
from  the  brief  inspection  made  we  will  assume  that  the  storage  on  Schoharie 
creek  and  Batavia  Kill  will,  as  a  whole,  cost  the  same. 
30  billion  gallons  storage  capacity  at  $300  = $9,000,000. 

It  appears  probable  that  the  Schoharie  and  Batavia  tunnels 
to  the  Esopus,  of  a  total  length  of  11.5  miles,  could  be  built  for 
somewhere  about  $2,000,000 

We  thus  have  for  a  rough  approximation  of  the  probable  cost  of  all  the 
lands,  rights  and  structures  necessary  for  collection,  storage  and  transporta- 
tion of  a  safe  yield  of  200  million  gallons  per  day  *'  from  the  Esopus  and  its 
tributary  and  connecting  watersheds ''  : 

Lands,  rights  and  storage  reservoirs $9,000,000 

Tunnel  from  Batavia  and  Schoharie  creeks  to  Esopus 2,000,000 

Aqueduct,  Olive  Bridge  to  New  York  City  limits 22,105,000 

■  "^ 

Probable  total  cost  of  rights,  lands  and  structures  for 

the  Ramapo  Company's  proposition $33,105,000 

r    - •  ■■  ^_= 

— not  including  the  terminal  reservoir  at  Park  Hill  and  the  equalizing  reser- 
voir at  Holman's  Mill,  since  none  were  provided  for  in  the  Ramapo  Water 
Company's  proposition. 

Smallest  Cost  for  the  Esopus  Project. 

In  the  foregoing  estimate  of  Esopus  cost,  the  effort  has  been  to  take  the 
reasonable  view  and  to  provide  for  structures  of  the  character  common  in 
good  municipal  work. 


*  Separate  estimates  were  made  for  each  site  but  data  were  so  rough  that  it  is  not  worth 
while  to  transcribe  the  computations. 

Transcribing  briefly  a  few  of  our  notes  regarding  these  dam  sites. 

At  Olive  Bridge  it  was  noted  that  that  site  seemed  better  adapted  for  a  dam  of  80  feet  than 
higher.  The  slate  strata  in  bed  of  river  remarkably  level.  Out  crop  shows  rotton  stone  in  places. 
A  high  dam  would  completely  destroy  Villages  of  Shokan,  Olive  Bridge,  Brodhead  and  Shokan  ; 
Containing  say  60  homes  and  perhaps  400  people.  The  series  of  high  dams  for  full  development  of 
watershed  would  require  rebuilding  substantially  entire  length  of  railroad  from  one  mile  east  of 
Brodhead  to  one  mile  we&t  of  Big  Indian,  a  total  distance  of  21  miles.  At  Boiceville  no  location 
that  suggested  a  good  dam  site  was  found.  At  Cold  Brook  no  indications  that  bed  rock  was  within 
economic  reach.  Narrowing  of  valley  is  caused  by  a  spur  of  drift  the  imperviousness  of  which 
under  high  head  of  water  is  very  doubtful. 

Above  Cold  Brook  there  is  a  good  deal  of  red  clay  mixed  in  with  the  drift,  which  washes 
badl^  in  spring  floods  and  in  heavy  showers,  giving  a  deep  chocolate  color  to  the  stream,  which 
subsides  very  slowly  indeed  as  shown  by  pools  of  long  standing.  Data  as  to  wells  indicated  a 
modified  drift  formation  in  many  places — **  Water  bearing"  gravel. 
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A  large  part  of  the  cost  of  a  proper  water  supply  plant  comes  from  the 
precautions  against  the  contingency  of  interruption  to  the  supply  by  acci- 
dent, and  in  providing  against  the  remote  contingency  of  shortage  of  water 
in  those  cycles  of  low  rainfall  which  occur  at  intervals  of  ten  or  twenty 
years. 

A  railroad  bridge  must  not  merely  be  strong  enough  99  times  out  of 
100,  but  must  be  sufficient  every  time,  and  so  the  universal  practice  is  to  put 
in  about  3  or  5  times  as  much  metal  as  would  be  barely  sufficient  to  carry 
the  greatest  load  that  can  be  foreseen. 

Similarly  a  water  supply  system  must  be  of  ample  capacity  not  to  break 
down,  or  be  left  with  empty  reservoirs  during  the  most  severe  drought  of 
32  or  50  years.  These  cycles  of  successive  years  of  low  rainfall  come  so  sel- 
dom that  the  public  at  large  does  not  appreciate  their  danger. 

By  letting  the  public  take  its  chances,  while  the  water-supply  con- 
tractor runs  for  luck,  and  by  using  cheaper  types  of  conduit,  the  cost  above 
estimated  could  probably  be  cut  down  fully  five  million  dollars,  and  it  is 
nine  chances  out  of  ten  that  there  would  be  water  enough  and  that  the  con- 
duit would  not  burst. 

It  is  also  possible  that  with  liberal  storage  and  with  excellent  structures, 
the  conditions  may  be  more  favorable  than  I  have  assumed,  and  that  per- 
haps $2,500,000  can  be  saved  over  the  estimate  presented  on  the  preceding 
page. 

Largest  Reasonable  Cost  for  the  Esopus  Project. 

Looking  at  the  problem  from  the  opposite  point  of  view,  to  see  wherein 
the  margin  of  uncertainty  due  to  incomplete  surveys  may  possibly  make  our 
estimate  of  cost  too  small,  we  obtain  as  an  outside  estimate  the  figures  sum- 
marized in  the  right-hand  column  of  Table  No.  7,  page  103. 

Notwithstanding  the  lack  of  completeness  in  our  surveys,  the  cost  can 
hardly  fall  outside  the  maximum  and  minimum  values  presented  in 
Table  No.  7. 
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Supply  of  Filtered  Water  from  Hudson  River  above  Poughkeepsie. 

This  is  one  of  the  two  or  three  projects,  which,  while  not  so  promising 
as  the  Ten  Mile  and  Housatonic  gravity  supplies,  is  worthy  of  further  study 
in  detail  by  some  expert  in  matters  of  filtration,  and  with  a  detailed  study 
of  the  pump  location,  the  filter  location  and  the  aqueduct  line. 

The  great  obstacle  to  providing  New  York  with  filtered  Hudson  river 
water  is  the  60-mile  aqueduct  required  to  get  the  intake  far  enough  up- 
stream to  be  sure  that  the  water  will  never  be  brackish  or  salt  from  the  tide, 
and  which  for  a  200  million  gallon  plant  will  make  the  cost  of  transportation 
alone  about  $18.67  P^r  million  gallons  for  merely  carrying  the  water  from 
the  pumps  to  the  city  limits. 

With  a  large  withdrawal  of  water  from  the  Hudson  at  Poughkeepsie 
for  New  York's  supply  the  limit  of  brackish  water  would  be  moved  farther 
upstream,  particularly  in  a  cycle  of  years  of  low  rainfall.  It  is  stated  that 
in  the  low  rainfall  cycle  culminating  in  1883,  the  water  became  brackish  at 
times  as  far  up  as  Kingston.  This  could  probably  be  remedied  by  regulat- 
ing the  flow  of  water  from  the  large  Adirondack  storage  reservoirs  which 
have  been  often  proposed. 

The  project  of  filtered  water  from  the  Hudson  possesses  the  advantage 
of  a  volume  of  water  in  the  river  sufficient,  with  the  summer  outflow  that 
could  be  obtained  from  the  future  Adirondacks  storage  reservoirs,  for 
almost  indefinite  extension  as  New  York  grows,  and  is  in  line  with  the  pro- 
posed new  supplies  for  Philadelphia,  Pittsburgh  and  Cincinnati.  Each  of 
these  cities  has  turned  to  the  river  near  by,  and,  like  certain  of  the  largest 
European  cities,  sought  to  purify  the  water  to  be  obtained  therefrom  under 
the  developments  of  modern  science.  In  Philadelphia  and  Pittsburgh,  the 
projects  for  mountain  water  from  distant  sources  were  abandoned  in  favor 
of  filtration  of  river  water. 

The  art  of  filtration,  stimulated  by  the  wonderful  developments  of  recent 
bacteriological  research,  has  made  great  advances  within  the  past  ten  or 
fifteen  years,  so  that  with  care  to  locate  the  intake  away  from  gas  works  or 
factory  wastes  or  the  vicinity  of  an  outfall  sewer,  no  question  or  doubt  remains 
about  the  good  taste,  clearness,  purity  and  healthfulness  of  properly  filtered 
water  from  a  river  like  the  Hudson.  The  only  doubt  is  that  arising  from  the 
possibility  of  incompetent  supervision.  This,  for  the  case  of  Boston  and  in  the 
investigations  of  the  Massachusetts  State  Board  of  Health  when  the  possi- 
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bility  of  filtered  water  from  the  Merrimack  was  considered  as  a  source  for 
the  new  Metropolitan  supply,  was  thought  worthy  of  serious  consideration, 
particularly  when,  on  the  other  hand,  good  unpolluted  water  was  obtainable 
from  a  flowing  stream. 

For  twenty-seven  years  Poughkeepsie  has  taken  its  water  supply  from 
the  Hudson,  and  while  the  methods  and  appliances  in  use  there  are  less 
perfect  than  those  since  devised,  the  source  of  supply  has  in  general  proved 
satisfactory,  although  the  water  has  occasionally  tasted  a  little  salt,  according 
to  entirely  credible  testimony.  The  original  filtration  works  at  Poughkeep- 
sie were  devised  by  Mr.  James  P.  Kirkwood,  who  designed  the  original 
Brooklyn  water  works,  after  a  careful  study  of  the  methods  of  filtration  at 
that  time  practised  in  Europe.  A  new  and  improved  filter  bed  was  con- 
structed for  the  extension  of  the  Poughkeepsie  works  about  1895. 

The  City  of  Hudson,  N.  Y.,  also  has  for  about  twenty-five  years  taken 
its  water  from  the  Hudson  river  and  filtered  it. 

The  City  of  Albany,  during  the  past  three  years,  has  gone  to  the  Hudson 
river  for  an  increase  to  its  water  supply,  and  from  the  designs  of  Mr.  Allen 
Hazen,  has  built  what  is,  so  far,  the  most  extensive  filtration  plant  in  use  in 
the  United  States,  at  an  expense  of  half  a  million  dollars.  This  is  capable  of 
filtering  15  million  gallons  of  water  per  day.  The  works  have  thus  far  been 
in  use  about  seven  months  and  give  every  indication  of  proving  eminently 
successful. 

London,  Hamburg,  Altoona,  Rotterdam,  Breslau  and  Berlin  are  note- 
worthy examples  of  great  cities  abroad  which  secure  excellent  supplies  from 
rivers,  and  in  several  instances  these  foreign  rivers  are  less  promising-  as 
sources  of  drinkable  water  than  the  Hudson,  with  its  large  volume  of  flow. 

The  long  continued  success  of  the  Poughkeepsie  works  gives  proof  that 
fresh  water,  seldom  salt  or  brackish  from  the  sea  tide,  and  when  so,  not  to  a 
occasional  slight  turbidity,  and  needing  only  proper  filtration  to  purify  it 
from  the  pollution  of  the  cities  and  of  the  shipping.  Judging  by  this  expe- 
rience of  Poughkeepsie  and  being  well  assured  that,  at  a  practicable  expense, 
enough  fresh  water  could  be  discharged  from  future  reservoirs  in  the 
Adirondacks  to  supply  more  than  the  amount  diverted  for  New  York  and 
at  the  same  time  to  remove  the  menace  of  brackish  water  from  the  proposed 
intake  above  Poughkeepsie,  we  may  feel  entire  conMence  in  the  adeqiuicy  of 
a  supply  of  filtered  zvater  taken  from  the  Hudson  above  Poughkeepsie  to  supply 
all  of  New  York's  needs. 
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Location  of  Intake  and  Pumps, 

The  flood  tide  sets  upstream  with  a  strong  current  at  Poughkeepsie,  and 
the  city's  sewage  may,  therefore,  be  carried  northward  for  a  brief  period  each 
day.  This  question,  we  are  informed,  was  carefully  investigated  by  the  dis- 
tinguished chemist,  Dr.  Thomas  M.  Drown,  now  President  of  Lehigh  Univer- 
sity, who  found  that  the  large  volume  of  river  flow  quickly  diluted  the  Pough- 
keepsie sewage  almost  beyond  the  power  of  analysis  to  discover  or  distin- 
guish beyond  the  other  similar  material  diffused  through  the  river. 

Possibly  extended  research  would  show  that  after  the  construction  of 
the  proposed  Adirondack  reservoirs  this  Hudson  river  water  could  be  taken 
from  a  point  further  down  the  river  than  Poughkeepsie,  thereby  saving 
expense  of  conduit.  Some  three  miles  below  Poughkeepsie  is  an  inviting 
site  for  investigation,  where  possibly  500  acres  .of  terrace  about  a  hundred 
feet  above  the  river  and  close  beside  it  would  afford  an  economical  site  for 
the  filters  and  the  sedimentation  basins,  although  the  elevation  is  such  that 
the  water  would  require  twice  pumping.  But,  to  be  on  the  safe  side  in  this 
preliminary  study,  the  point  of  intake  and  location  of  pumping  station  will 
be  assumed  above  the  City  of  Poughkeepsie  at,  say,  about  one-half  mile,  or 
possibly  one  mile  upstream  from  the  Poughkeepsie  Bridge.  An  addition 
for  water  storage  in  the  Adirondacks  will  be  added  to  the  estimate. 

Location  of  Filters, 

A  wide  range  of  sites  gives  ample  opportunity  for  choice.  The  most 
natural  location  would  be  close  beside  the  river,  as  at  Albany,  near  to  the 
proposed  pumping  station  already  mentioned,  but  the  lay  of  the  land  there 
is  not  favorable,  particularly  for  a  comprehensive  project  with  large  future 
extensions.  While  it  is  possible  that  by  some  allowable  incroachment  upon 
the  river,  by  use  of  deeper  sedimentation  basins  and  by  taking  a  long  water 
front,  sufficient  land  for  a  100  million  gallon  filter  plant  might  be  secured, 
it  would  be  at  large  expense;  the  shore  immediately  above  Poughkeepsie 
is  so  bold  and  rocky  that  the  outlook  is  almost  hopeless  for  obtaining  room 
on  the  river  bank  for  anything  more  than  an  intake  and  a  large  pumping 
station.  It  has  appeared  prudent  to  let  the  rough  preliminary  estimate  rest 
on  a  plan  which  should  give  a  wider  selection  of  sites. 

Economy  will  after  all  perhaps  be  best  served  by  placing  the  filters  on 
high  ground  well  back  from  the  river  in  a  region  where  abundant  land  for 
future  extension  can  be  cheaply  had,  and  locating  the  pumps  all  on  the  river 
margin,  where  coal  can  be  unloaded  from  barges  into  pockets,  whence  it 
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can  slide  by  gravity  or  be  moved  by  conveyors  to  mechanical  stokers  at  a 
minimum  of  labor  cost.  On  the  river  margin  too,  ample  water  for  engine 
condensation  will  be  cheaply  secured. 

The  filters,  if  back  from  the  river  will,  for  economy  of  pumping,  best  be 
placed  upon  land  so  elevated  that  after  the  water  is  once  lifted  from  the  river, 
no  further  pumpage  will  be  required,  because  the  necessary  losses  by  fluid 
friction  through  the  valves  and  passageways  of  the  pump,  and  certain  of  the 
losses  of  mechanical  friction  in  the  pump  are  independent  of  the  lift  and  are 
doubled  with  twice  pumping.  The  topographical  map  gives  hope  of  finding 
suitable  land  at  proper  elevation  for  so  locating  the  filters.  If  other  con- 
siderations prove  of  greater  weight  than  an  elevation  suitable  for  a  single 
pumping,  then  there  are  various  broad  level  areas  available  by  a  second 
pumping  into  the  high-level  aqueduct,  or  available  without  the  second 
pumping  for  a  lower  terminal  pressure.  With  once  pumping  the  cost  will 
be  a  little  smaller  than  with  twice  pumping,  and  as  there  is  a  fair  possibility 
of  ground  at  suitable  elevation,  we  will  base  the  figures  on  pumping  but 
once. 

High  Pressure  Supply, — To  make  the  result  strictly  comparable  with  the 
proposition  of  the  Ramapo  Company  to  deliver  water  from  the  Esopus  at  a 
hydraulic  grade  of  300  feet  above  tide  at  the  city  limits,  and  also  to  meet  the 
claim  of  certain  prominent  underwriters,  that  water  at  this  high  head  would 
be  of  great  advantage  to  the  safety  of  New  York,  and  to  further  put  the  filtra- 
tion project  on  a  fair  basis  of  comparison  with  the  project  of  water  supply 
from  the  Ten  Mile  and  Housatonic  rivers  delivered  under  a  pressure  of  300 
feet  head  at  the  city  limits,  I  have  first  estimated  upon  outline  plans  for  a 
high-level  supply  of  filtered  water.  Evidently,  the  water  can  be  pumped  to 
only  two-thirds  this  height  at  Poughkeepsie,  and  delivered  at  the  present 
level  of  Central  Park  or  Jerome  Park  reservoirs  at  much  less  expense. 

Location  of  Filter  Beds. — As  a  basis  for  estimates,  without  in  any  way 
implying  that  this  spot  is  the  best  that  can  be  found,  I  have  marked  on  the 
map  a  site  where  the  ground  is  at  favorable  elevation,  near  the  line  of  the 
railroad,  about  i^  miles  northerly  from  Fishkill  Village  and  4  miles  east  of 
the  Hudson,  and  about  12  miles  along  the  conduit  southerly  from  Pough- 
keepsie. This  particular  site  is  a  rounded  hill-top  of  about  300  acres  of  grass 
land  and  tillage,  with  indication  that  there  is  a  considerable  depth  of  imper- 
vious earth.  A  well  on  one  side  of  the  area  is  said  to  have  been  sunk  about 
20  feet  deep  without  reaching  ledge,  and  on  the  other  side  of  the  area  is  a 
well  30  feet  deep  without   rock   having   been    reached.     This    site   would 
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require  a  good  deal  of  expensive  grading  in  leveling  off  and  preparing  the 
beds.  Whether  this  or  some  other  site  on  the  same  general  line  is  chosen, 
need  not  affect  the  cost  materially.  To  pick  out  the  best  site  would  require 
accurate  levels,  contour  maps,  borings,  test-pits  and  examinations,  which 
under  my  limitations  of  time  and  expense  are  impossible. 

The  works  at  the  filter  plant  upon  which  I  have  estimated,  briefly  out- 
lined, would  consist  of: 

1st.  The  delivery  pipes  from  the  pumps  would  discharge  into  a  series  of 
subsidence  basins  of  capacity  sufficient  for  24  hours    storage  in 
transit,  arranged  for  continuous  delivery,  and  with  additional  basins 
of  25  per  cent,  surplus  capacity,  which  can  be  idle  or  in  use.    The 
whole  arranged  to  serve  as  an  equalizer  of  the  pump  delivery  to  the 
extent  of  5  or  10  feet  rise  or  fall. 
2d.  Covered  filter  beds,  similar  in   all    respects   to    those  constructed  for 
Hudson  river  water  at  Albany.     Each  filter  to  have  0.7  acre  net 
filtering  area,  filtering  3  million  gallons  per  acre  per  day  at  nominal 
rate,  or  2.1  million  gallons  per  filter.. . 
3d.  A  small,  clear-water  gallery,  holding  about  an  hour's  total  delivery,  and 
serving  mainly  as  a  small  equalizing  chamber  at  the  head  of  the 
aqueduct  or  conduit  line. 
4th.  In  view  of  the  ultimate  extent  of  the  works,  a  railroad  siding  may  pro- 
fitably be  run  to  them  from  Brinckerhoff. 

Cost  of  Pumping  Plant. 

The  cost  of  the  works  and  the  expense  of  operation  is  estimated 
approximately  as  follows,  the  intention  being  that,  in  absence  of  definite  loca- 
tions and  accurate  surveys,  prices  should  be  large  enough  to  cover  contin- 
gencies, and  yet  as  small  as  appears  safe,  so  that  this  filtration  and  pumping 
project  may  not  suffer  in  comparison  with  the  gravity  projects. 

The  estimate  will  be  made  on  the  basis  of  an  average  use  of  200  mil- 
lion gallons  of  water  per  day;  but  as  was  done  with  conduit  lines  from  the 
Ten  Mile,  etc.,  an  extra  capacity  of  25  per  cent,  will  be  added  as  a  reserve  to 
allow  for  a  part  of  the  pumping  plant,  and  for  part  of  the  filters  being  con- 
tinually in  idleness  for  overhauling  or  repairs,  and  also  to  provide  for  the 
rate  of  draft  in  some  months  and  some  weeks  largely  exceeding  the  average 
for  the  year. 
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High  Level  Filtration  Project^  Lift  of  Pumps — 
Hydraulic  grade  delivery  at  northern  city 
limits  of  New  York  assumed,  etc 300  feet  above  sea. 

Assumed  average  hydraulic  gradient  for  entire  conduit  line, 
2.0  feet  per-  mile  ;  distance  pumps  to  city  limits,  61.5 
miles 123  feet. 

Assumed  drop  at  filters  from  pump  delivery  for 

aeration 5  ft. 

From  high-water  level  in  subsidence  basin  to  lowest 

level  of  same 8  ft. 

Assumed  loss  in  passages  getting  water  on  to  filter.  I  ft. 

Lx)ss  of  head  in  filtering 4  ft. 

Assumed  loss  of  head  taking  water  away I  ft. 

Assumed  fluctuation  in  clear  water-gallery ,  5  ft. 

24  ft. 

This  being  a  preliminary  estimate,  and  exact  location  uncer- 
tain, more  drop  is  provided  for  than  commonly  found 
necessary 24  feet. 

Total  dynamic  head  on  pumps « . . . .  447  feet. 

Lift  used  in  estimates 450  feet. 

Average  daily  pumpage 200  million  gallons. 

Pumps  to  be  provided,  including  reserves 

of  total  capacity  for  daily  pumpage  of. .  250  million  gallons. 
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Probable  cost  of  land  for  pumping  station  and  coal  pocket  on 

river  margin $50,000 

Wharf,  river  wall,  intake  crib  and  two  8-foot  submerged  con- 
duits to  pump  wells,  cost  influenced  largely  by  location,  say.        150,000 

Two  pumping  stations — separated  100  feet,  fireproof  construc- 
tion, each  complete  with  its  own  boilers  and  accessories  for 
engines  of  125  millions  capacity,  including  foundations  for 
engines.  Cost  largely  dependent  on  substrata  as  found, 
say 500,000 

Pumping  engines — In  units  of  15  to  20  millions,  triple  expansion  of  high  duty 
type,  giving  when  new,  at  duty  trial,  150  million  foot-pounds  per  100  pounds  coal, 
and  of  such  quality  of  material,  workmanship  and  design  as  to  yield  when  ten 
years  old,  in  daily  use  with  moderate  care,  1 10  million  foot-pounds  per  loo  pounds 
coal. 

Prices  for  heavy  pumping  machinery  at  present  are  somewhat  high  and  unset- 
tled. A  stud^  of  certain  recent  contract  prices  and  rough  estimates,  kindly  pre- 
pared fDr  me  m  the  offices  of  two  of  the  largest  builders  of  pumping  machinery  in 
the  United  States,  indicate  that  for  450  feet  lift  and  in  units  of  from  IK  millions  to 
20  millions,  a  cost  of  $14,000  per  million  gallons  of  capacity  is  a  safe  figure  to-day 
for  pumping  engines  of  the  highest  grade,  including  piping  and  all  accessories,  in- 
cluding also  steam  boilers  of  either  the  water  tube  or  Manning  type  adapted  for  150 
to  160  pounds  steam,  and  including  settings  ;  all  erected  and  complete — 

250  million  gallons  capacity,  @  $14,000  for  450  feet  lift 3,500,000 

Horse-power  of  engines — To  lift  200  million  gallons  per  24  hours,  450  feet 
requires  15,770  work  horse-power.  Engines  giving  92  per  cent,  mechanical 
efficiency  at  duty  trial  could  be  relied  upon,  with  moderate  neglect  and  with  some 
plunger  slip  and  valve  leakage,  after  ten  years*  use,  to  give  at  least  75  per  cent, 
mechanical  efficiency,  or  85  per  cent,  with  good  care. 

At  75  per  cent,  efficiency,  indicated  horse-power  required,  ten 

years  old 21,000  horse-power. 

At  90  per  cent,  efficiency,  indicated  horse-power  required, 

new 17*500  horse-power. 

Total $4,200,000 

Contingencies  and  supervision,  at  15  per  cent 630,000 

Estimated  total  cost  of  pumping  plant,  exclusive  of  delivery  main, 

for  land,  structures  and  appliances $4,830,000 


There  is  great  variation  in  different  cities  having  large  pumping  plants 
in  the  fuel  and  labor  costs,  when  reduced  to  a  uniform  basis,  depending  in 
part  upon  quality  of  management,  whether  or  not  the  station  is  overmanned 
and  the  boiler-room  economies  closely  watched,  and  in  part  upon  how 
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much  of  the  plunger  displacement  is  lost  by  slip.  By  an  analysis  of  the  actual 
pumping  station  expenses  in  several  large  cities,  the  following  appears  a  fair 
allowance  with  plant  ten  years  old,  viz. : 

$0,035  per  million  gallons  raised  i  foot  high, 

or  for  450  feet  high  x  0.035  = $^5-75  P^^"  million  gallons. 

(With  best  management  the  cost  need  be  but  about  ^  this  sum.) 

This  economy  could  be  easily  reached  or  exceeded  in  practice  at  the  pro- 
posed site  with  low-cost  coal,  cheaply  handled,  and  pumps  in  large  units  with 
high  lift,  run  at  full  nominal  capacity. 
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Cost  of  Albany  Filter  Plant. 

In  advance  of  working  out  the  details  of  a  definite  design,  no  better  basis 
for  this  estimate  can  be  found  than  the  cost  of  the  plant  recently  constructed 
at  Albany,  under  the  supervision  of  Mr.  Allen  Hazen,  for  filtering  Hudson 
river  water;  adding  whatever  may  appear  proper  for  less  favorable  conditions 
at  the  site  chosen  for  the  New  York  project.  These  Albany  filters,  con- 
sisting in  all  of  eight  beds,  of  which  one  is  supposed  idle  for  cleaning,  are 
called  of  15  million  gallons  daily  capacity,  but  including  reserve  have  a 
greater  capacity.  Each  of  these  eight  beds  has  0.7  acre  of  net  surface,  and 
at  the  nominal  rate  of  3  million  gallons  per  acre  per  day,  the  eight  beds  have 
16.8  million  gallons  total  capacity. 


Cost  of  Albany  Filters. 


The  actual  total  cost  of  covered  filters,  16.8  million  gallons* 
capacity,  exclusive  of  pumps  and  land,  was  about 

Cost  of  sedimentation  basin,  about  24  hours,  or  14.6  million  gal- 
lons' capacity,  about 

Pure  water  reservoir,  capacity  6oo,ooj  gallons,  about  one  hour's 
capacity,  about 

Total,  including  extra  work,  laboratory  building,  sand,  gravel,  | 

etc.,  exclusive  of  pumping  plant  and  conduits \ 

Supervision,  about 

Land 

Total,  including  land 


Toul  cost 

for 

Albany  Plant. 


$255,000  00 

60,000  00 

9,000  00 


324,000  00 

20,000  00 
8,200  00 


$352,200  00 


Cost  per 

mil.  gals,  of 

total  capacity 

daily. 


$15,200  00 

3,600  00 

540  00 


19,340  CO 

1,190  00 
490  00 


$21,020  00 


The  total  cost  of  the  Albany  plant,  exclusive  of  land,  pumps  and  conduits 
was  thus  about  $20,500  per  million  gallons  of  total  capacity. 
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Rough  Estimate  of  Cost  of  Slow  Sand  Filtration  Plant. 
Located  on  High  Ground  Between  Poughkeepsie  and,FisMntt. 

Total  capacity 250  million  gallons  per  day. 

Working  capacity 200      "  "  "      " 

On  same  basis  as  at  Albany,  cost  for  250  million  gallons  total 

capacity,  250  x  $20,500 $5,125,000 

If  to  this,  in  addition  to  ordinary  contingencies,  we  add  15  per 
cent,  for  less  favorable  ground  requiring  more  excavation, 
higher  cost  of  labor  and  building  material,  and  less  favorable 
freight  rates 769,000 


Total  $5,894,000 

Add  for  railroad  siding,  say 30,000 

Add  for  shops  and  storage  buildings;  for  small  electric  light  and 
power  plant;  for  small  steam  plant  and  pumps  for  wash- 
water;  for  two  residences  for  superintendent  and  bacteriolo- 
gist; for  fences,  roads  and  concrete  walks,  say 150,000 


$6,074,000 
Add  to  this  the  customary  10  per  cent,  for  contingencies  of  a  pre- 
liminary estimate,  supervision  being  included  above  in  the 
Albany  data 607,000 


$6,681,000 
Add  for  land  175  acres  at  $200,  including  legal  expenses 35»ooo 


Total  cost  of  plant  on  Albany  basis 6,716,000 


Checking  the  above  roughly  by  the  estimated  cost  of  the  Torres'lalc  plant  proposed  for 
Philadelphia,  which  was  designed  for  300  million  gallons  working  capacity,  we  have — 

Estimated  Cost  of  Philadelphia   Torresdale  Plant. 

Excavation ♦3*4»556 

Piping 504.355 

Raw-water  conduit 224.964 

Filtered  water  conduit 77.97^ 

Water-mains,  sand-washers I3-000 

Drains 87.874 

Sand-WJishers 21,600 

Filter  beds 5*1 59.<*7 

Sedimentation  reservoir i»7^2,420 


Filtration  Project.  45.3 

Tramway  and  equipment $54,800 

Residence,  laboratory,  etc 167,300 

Fencing,  side  tracks  and  clearing  up 53>ooo 

Divide  total  cost  by  total  daily  capacity 300)  $8,390,932 

Cobt  per  million  gallon  capacity,  of  Torresdale  plant $27,970 

Proposed  capacity,  New  York  project 200 

$5,594,000 
Add  15  per  centi  contingencies  and  supervision 839,000 

$6,433,000 
Add  for  land 35i0oo 

Total  cost  for  plant  of  200  million  gallons  daily  capacity  on  Phila- 
delphia, Torresdale,  basis $6,468,000 

For  a  preliminary  figure  to  aid  in  deciding  whether  the  filtration  project 
for  New  York  is  of  sufficient  promise  to  warrant  further  study,  we  thus  have — 

On  Albany  basis $6,716,000 

On  Philadelphia  basis 6,468,000 

And  we  appear  justified  in  calling  probable  cost  of  filters  and 

accessories,  about 6,800,000 

Cost  of  Operation  of  Filters, 

The  cost  at  Poughkeepsie  has  for  twenty  years 

averaged $3  per  million  gallons, 

— including  cost  of  ice  removal  and  more  fre- 
quent scrapings,  because  of  algae,  than  would 
be  necessary  with  the  covered  filters  pro- 
posed in  this  estimate. 

Average  cost  in  London,  England,  for  seven  years 
(per  Hazen)  with  wages  of  laborers  averaging 
$1  per  day  was  found  to  he $1.24  per  million  gallons. 

The  Philadelphia  Commission  of  Engineers, 
Messrs.  Hering,  Wilson  and  Gray,  in  October, 
1899,  adopted  as  a  safe  figure  for  the  proposed 
Torresdale  plan  on  Delaware  river,  for  slow 

sand  filtration $3  P^r  million  gallons. 

The   Albany   plant   has   not   yet   been    long 

enough  in  operation  to  give  full  data  on  cost  of 

operation. 

-^o 
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1  have  adopted  as  a  safe  outside  figure  for  the  cost 

of  operation  of  this  large  plant  proposed  for 

New    York    City,    with    modern    appliances 

for    filtering    Hudson   river   water,  the  same 

figure  reported  for  actual  average  cost  for  20 

years  at  Poughkeepsie,  namely. $3  per  million  gallons. 

This  figure,  moreover,  is  the  same  as  that  re- 
ported for  the  proposed  Torresdale  filters  on 

the  Delaware,  by  the  Philadephia  Board  of 

Experts. 

There  is  a  fair  chance  that  $2.50  per  million  gallons  would  be  enough  to 
cover  the  actual  cost  of  operation. 

Conduit  Line  from  Poughkeepsie  to  New  York. 

The  conduit,  while  intended  to  carry  an  average  of  200  million  gallons 
daily,  is  given  a  size  sufficient,  when  clean,  to  carry  250  million  gallons.  This 
surplus  is  intended  to  provide  for  occasional  deliveries  at  above  the  average 
rate  in  those  months  like  February  or  September,  when  the  consumption  is 
found  greatest,  and  to  also  provide  for  impairment  of  the  carrying  capacity 
of  the  masonry  aqueducts  from  lack  of  cleaning,  similar  to  the  15  per  cent, 
impairment  now  suffered  by  the  New  Croton  Aqueduct.*  For  steel  pipes 
the  coefficient  of  flow  is  taken  the  same  as  that  actually  found  for  the  East 
Jersey  conduit  above  Pompton.  A  hydra vtlic  gradient  of  2.0  feet  per  mile  is 
assumed  throughout.  Possibly  the  final  study  will  show  some  different  value 
to  be  a  little  more  economical  when  interest  on  conduit  is  carefully  balanced 
against  the  total  cost  of  pumping. 

The  location,  as  outlined  below,  is  to  be  considered  only  as  a  first  approximation  and  as  a  safe 
basis  for  a  rough  estimate.  Naturally  the  closer  a  location  is  studied  the  cheaper  the  line  that 
can  be  found.  The  problem  of  the  most  economical  and  permanent  location  for  conduit  from 
a  filtration  plant  was  kept  in  view  during  a  rapid  reconnaissance  for  conduit  lines  from  the  Esopus- 
and  for  gravity  supplies  of  surface  water  from  the  regions  north  and  northwest  from  the  Croton 
Watershed.  Although  an  **  all  pipe  "  line  could  be  run,  the  **  cut  and  cover  '*  masonry  aqueduct, 
when  ground  of  the  right  elevation  can  be  found,  is  very  much  the  cheapest  and  most  satisfactory 
form  of  aqueduct,  and  an  effort  was  made  to  secure  a  location  giving  as  much  of  this  type  of  con- 
struction as  possible.  The  country  east  of  Fishkill  and  Peekskill  is  so  high,  so  extremely 
mountainous  and  with  such  bold  precipitous  slopes  along  the  river  that  only  a  little  study  is 
required  to  show  that  for  about  ten  miles  the  conduit  line  can  best  proceed  in  tannel. 


*  With  filtered  water,  the  impairment  of  carrying  capacity  due  to  slime  would  probably  be 
very  small,  and  a  slight  unfairness  to  the  filtration  project  may  follow  from  estimating  on  the 
same  size  of  aqueduct  as  in  the  Ten  Mile  and  Adirondack  projects,  but  on  the  other  hand  the 
large  cost  of  covered  reservoirs  would  tend  toward  larger  conduits  and  less  storage. 
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The  high  level  line  for  delivering  water  at  elevation  300  at  city  limits  can  apparently  be 
more  cheaply  and  more  quickly  constructed  than  the  low  level  line. 

Starting  from  the  pumping  station  at  Poughkeepsie  with  this  trial  line  and  quickly  seeking 
high  ground  to  lessen  the  pressure  on  the  pipe,  three  steel  pipes  of  7  feet  3  inches  diameter  are 
run  for  about  two  miles  until  high  ground  is  reached,  and  thence  for  about  ten  miles  two  pipes  of 
8  feet  5  inches  diameter  run  to  the  filter  plant ;  delivering  with  cross-connections  into  the  four 
main  divisions  of  the  sedimentation  reservoirs. 

From  the  pure  water  gallery  of  the  filter  plant  the  two  steel  pipes  continue  south  past 
Brinckerhoff  for  about  two  miles  until  ground  is  reached  at  suitable  elevation  for  a  cut  and  cover 
masonry  aqueduct ;  this  follows  the  contour  of  the  hillside  four  miles  to  the  entrance  of  a  tunnel, 
which  is  in  all  about  ten  miles  long.  There  is  near  the  middle  of  tunnel  one  deep  valley  and 
there  are  other  high  valleys  crossing  the  line,  which  afford  convenient  sites  for  shafts. 

The  tunnel  emerges  near  the  head  of  what,  in  certain  of  the  other  trial  lines,  is  called  the 
proposed  Holman*s  Mills  Reservoir,  and  thence  by  a  cut  and  cover  aqueduct,  the  conduit  follows 
the  contour  of  the  hillside  along  to  a  point  near  the  Old  Croton  Dam,  crosses  the  Croton  Valley  by 
a  siphon  and  proceeds  down  the  Pocantl'co  Valley,  past  Merritt's  Comers,  and  along  the  contonrs- 
of  the  east  side  of  the  Saw  Mill  river  valley,  finding  much  of  the  way  suitable  location  for  cut  and 
cover  aqueduct  which  can  be  built  at  about  half  the  cost  of  steel  pipe  lines. 

The  conduit  line  follows  the  top  of  the  ridge  as  it  hears  the  city  limits,  until  about  half 
a  mile  north  of  the  city  limits,  it  delivers  into  the  proposed  Park  Hill  high  pressure  distributing 
reservoir  at  about  elevation  303. 

A  large  high  level  distributing  reservoir  like  that  proposed  at  Park  Hill 
is  essential  to  the  proper  operation  of  any  high  pressure  gravity  supply,  and 
a  rough  estimate  of  the  cost  of  the  Park  Hill  Reservoir  amounting  to- 
$3,696,000  is  included,  although  nothing  of  the  kind  was  provided  for  in  the 
plans  of  the  high  pressure  supply  tendered  by  the  Ramapo  Company, 

An  approximate  estimate  of  the  cost  of  this  250-million-gallon  aqueduct 
is  given  on  the  next  page,  and  for  convenience  of  comparison  with  the  Ten 
Mile  and  Housatonic  scheme,  other  estimates  are  carried  out  for  the  same 
capacities  as  provided  for  in  the  studies  for  aqueducts  for  utilizing  the  entire 
capacity  of  the  Ten  Mile  and  the  Upper  Housatonic  rivers. 
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Cost  of  an  Average  Quantity  of  200  Million  Gallons  of  Filtered  Water  Per  Day 
from  Pumping  Station  at  Poughkeepsie  to  New  York  City  Limits. 

(From  Brief  Reconnaissance  Only.) 

The  table  containing  a  summary  of  this  computation  has  been  trans- 
ferred back  to  Table  8,  page  105,  of  the  main  report,  for  convenience  of 
comparison  with  the  other  possible  sources.  By  reference  to  this  it  will  be 
seen  that  the  total  estimated  cost  per  million  gallons  for  filtered  water  from 
the  Hudson,  delivered  at  the  city  limits  at  an  elevation  of  300  feet  above  sea 
level,  including  all  depreciation,  interest,  operating  expenses  and  an  annual 
contribution  to  a  sinking  fund  sufficient  to  pay  off  the  bonds  for  the  entire 
cost  in  40  years,  is  $47.10  per  million  gallons. 

With  the  best  of  engine-room  and  boiler-room  economy,  the  cost  of 
pumping  could  be  reduced  materially,  and  it  is  not  impossible  that  a  close 
estimate  based  on  accurate  surveys  would  as  a  minimum  bring  the  cost  down 
to  $40.00  per  million  gallons.  Under  most  unfavorable  conditions  it  could 
hardly  be  so  much  as  $50  per  million  gallons  including  the  sinking  fund. 

Omitting  the  sinking  fund  requirement  the  cost  becomes  $40.77  per 
miillion  gallons  and  omitting  the  Park  Hill  Reservoir,  for  which  no  equiva- 
lent is  found  in  the  Ramapo  proposition,  the  cost  becomes  only  about  $37.50 
per  million  gallons. 

Comparison  of  Filtration  Project  with  the  Ramapo  Company's  Proposition. 

First,  the  cost  of  the  filtered  water,  when  put  on  the  same  basis,  would 
be  only  about  $37.50  per  million  gallons  as  against  the  Ramapo  Company's 
water  at  $70  per  million  gallons. 

For  comparison  with  the  Ramapo  Company's  proposition,  it  is  to  be  noted  that  the  estimated 
cos  t  of  $40  to  S50  includes  the  contribution  of  a  smking  fund  which  shall  pay  off  the  bonds  and 
recover  the  entire  cost  of  the  works  in  40  years. 

That  it  gives  near  the  city  limits  a  high  pressure  distributing  reservoir  nearly  as  large  as  the 
largest  reservoir  in  Central  Park,  as  a  safeguard  against  brief  interruptions. 

That  there  is  certainty  tiiat  the  supply  of  200  million  gallons  could  be  furnished  at  all  times. 

That  although  there  might  be  some  prejudice  against  water  from  the 
Hudson,  this  water  would,  as  a  matter  of  fact,  probably  be  more  pure  and 
miore  clear  than  the  unfiltered  water  from  Esopus  Creek,  which  has  some 
villages  that  are  quite  populous  in  summer  close  to  the  banks  of  the  stream. 
The  Esopus  is  for  brief  periods  much  discolored  by  the  wash  of  red  clay  or 
similar  fine  material  in  the  spring  flood  season  and  for  a  day  or  two  after 
heavy  rains,  and  this  suspended  material  does  not  subside  quickly  when  the 
water  is  in  quiet  storage.  The  Esopus  water  is,  however,  commonly  an 
unusually  clear,  soft,  pure  surface  water. 


Filtration  Project.  459 

The  works  of  the  Poughkeepsie  filtration  project  could  be  constructed 
just  about  as  quickly  as  the  proposed  dams,  reservoirs  and  conduits  from 
Esopus  Creek. 

Possibility  of  Salt  Water  at  Poughkeepsie. 

The  minimum  volume  flowing  in  the  Hudson  river  at  Poughkeepsie  in 
time  of  extreme  drought  is  a  question  of  vital  interest  in  this  connection. 
From  the  published  statements  made  iri  years  past  by  George  W.  Rafter, 
C.  E.,  who  has  made  special  studies  of  the  flow  of  the  Hudson  river,  and  of 
the  remarkable  possibilities  for  cheap  storage  upon  its  head  waters  (see 
Bulletin  No.  24,  U.  S.  Geological  Survey,  Water  Resources  of  the  State  of 
New  York,  Part  i,  page  82;  also  Transactions  American  Soc.  C.  E.,  Feb., 
1900,  p.  189),  we  learn: 

The  smallest  mean  monthly  flow  gauged  at  Mechanicsville  from  1888 
to  1899,  inclusive,  was  in  August,  1899,  and  was  at  the  rate  of  0.31  cubic 
feet  per  second  per  square  mile.  July  and  August,  1888,  gave  monthly 
means  of  0.34  and  0.38  respectively.  From  page  97,  of  Bulletin  24,  it 
appears  that  the  smallest  run-oflf  for  a  week,  after  correcting  for  diversion  at 
the  State  dam,  was  0.29  cubic  feet  per  second  per  square  mile.  All  of  these 
figures  probably  include  storage  water  sent  down  from  the  Lumbermen's 
dams  in  the  Adirondacks  to  benefit  the  water-power  below,  and  so  cannot 
safely  be  applied  to  the  watershed  entering  below  Mechanicsville. 

The  "  catchment  area  "  or  drainage  area  at  Mechanicsville,  is  per  Mr. 
Rafter,  about  4,500  square  miles. 

The  drainage  area  of  the  Hudson  at  Albany  is  about  8,240,  and  at  Pough- 
keepsie, is  not  far  from  11,800  square  miles. 

We  shall  probably  not  err  very  much  if  we  follow  Mr.  Allen  Hazen  in 
his  estimates  of  the  flow  at  Albany,  and  call  the  minimum  flow  from  the 
Mohawk  and  other  tributaries  below  Mechanicsville,  0.15  cubic  feet  per 
second  per  square  mile,  and  0.24  down  to  Glens  Falls  or  Mechanicsville. 

This  gives:  4,500  square  miles  x  0.24  zz:  1,080  cubic  feet  per  second. 
7,300  square  miles  x  0.15  =:  1,100 


ti       it       «        <i 


2,180  cubic  feet  per  second  = 

1,410  million  gallons  per  24  hours  at  Poughkeepsie  in  extreme  drought 
This  plainly  gives  a  small  margin  of  safety  against  saltness  consequent  to  the 
neglecting  the  tributaries  below  the  Mohawk,  the  ebb  and  flow  of  tide  at 
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Poughkeepsie  if  any  large  volume  is  to  be  withdrawn.  However,  we  have 
reliable  evidence  that  in  seasons  of  extreme  low  river  flow  in  the  past  saltness 
has  been  noticed  at  Poughkeepsie  and  above.  The  problem  of  just  how 
much  water  must  be  added  to  keep  the  river  always  fresh  is  complicated  and 
requires  much  time  for  computation,  so  to  be  safe  we  will  add  bodily  to  our 
estimate  the  entire  sum  of  $2,606,559,  stated  by  Mr.  Rafter  at  bottom  of  page 
176,  or  again  on  page  194,  item  14,  in  the  report  of  the  New  York  State  Engi- 
neer for  1895,  as  the  cost  of  the  storage  reservoirs  required  to  give  a  mini- 
mum flow  of  4,500  cubic  feet  per  second  at  Mechanicsville.  This  is  an 
unsatisfactory  form  in  which  to  leave  this  question  of  Adirondack  storage  in 
its  bearings  on  filtration  at  Poughkeepsie,  for  obviously  the  great  benefits  to 
navigation  and  to  the  industry  of  the  State  should  carry  a  part  of  the  cost  of 
these  reservoirs  and  the  capitalized  cost  of  their  maintenance.  We  will  enter 
up  $2,500,000,  as  a  charge  against  the  filtration  project  for  800  million  gallons 
per  day  and  $1,000,000  for  200  million  gallons  per  day,  and  add  a  small  sum 
for  care  of  these  reservoirs  in  the  maintenance  charges,  and  so  display  the 
figures  that  they  can  be  readily  modified  after  further  study. 

And  whenever  this  great  storage  system,  so  often  urged  and  so  well 
described  by  Mr.  Rafter  in  the  Annual  Report  of  the  New  York  State 
Engineer  to  the  General  Assembly  for  1895,  is  built,  the  least  flow,  accord- 
ing to  Mr.  Rafter  will  be  more  than  five  times  the  largest  draft  that  I  have 
anywhere  considered,  namely,  more  than  five  times  750  million  gallons  per 
day. 
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Low  Pressure  Filtration  Project. 

For  the  purpose  of  determining  what  relative  economy  may  exist  in  a 
plan  which,  instead  of  delivering  the  water  at  city  limits  at  an  elevation  of 
300  feet,  delivers  it  at  the  level  of  the  Jerome  Park  Reservoir  (elevation  13 1.5 
feet  above  sea),  the  following  estimates  were  made. 

These  estimates,  except  as  stated  below,  have  the  same  basis  used  in 
the  foregoing  analysis  of  the  cost  of  the   "  high  level  "  : 

Hydraulic  grade  at  northern  city  limits  of  New  York 135      feet  above  sea. 

Assumed  average  hydraulic  gradient  for  entire  conduit  line,  2.0  feet  per 

mile  ;  distance,  pumps  to  city  limits,  58.7  miles  II7-4  feet. 

Assumed  drop  in  passing  through  filters. 24 .0     ** 

Total  working  head  on  pumps. 276.4  feet. 

Lift  used  in  estimates 280.0     ** 


This  lift  is  170  feet  less  than  that  required  for  the  "  high  level  "  filtration 
project. 

Cost  of  Pumping. 

Pumping  Plant  (similar  to  that  for  high  level) : 

Land  for  pumping  station,  etc.  (same  as  "high  level  "  ) $50,000 

Wharf,  crib  and  intake  works  (same  as  "  high  level  "  ) 150,000 

Two  pumping  stations,  etc.  (same  as  "  high  level ") 500,000 

Pumping  engines — ^in  units  of  15  to  20  millions,  triple  expan- 
sion, high  duty  type — 250  million  gallons  capacity,  at  $10,500  per 
million  gallons,  for  280  feet  lift 2,625,000 


In  terms  of  horse-power — 

To  lid  200  million  gallons  daily  280  feet  requires  9,830  work  horse  power. 

At  75  per  cent,  efficiency,  indicated  horse-power  required  10  years  old,  13,100  H.  P. 
At  90  per  cent,  efficiency,  indicated  horse-power  required  when  new,  10,900  H.  P. 

Estimated  total  cost  of   pumping   plant,   exclusive   of   delivery 

main $3,325,000 

Contingencies  and  supervision,  at  15  per  cent 499,000 

Total $3,824,000 
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Cost  of  Filtering, 

The  cost  of  slow-sand  filtration  is  independent  of  elevation,  except 
because  of  the  required  elevation  of  the  filters  being  much  lower  on  the  low 
level  than  on  the  "  high  level  "  project,  they  will  be  built  on  a  different  tract 
of  ground,  and  this  may  modify  the  cost  of  construction  according  as  the 
local  conditions  prove  more  or  less  favorable.  It  is  assumed  that  the  cost 
for  filters  will  be  the  same  in  either  location,  or  a  total  of  $6,800,000. 

Conduit  Line, 

As  in  the  case  of  the  "  high  level  "  project,  the  route  outlined  below,  as 
a  possible  location  for  this  conduit,  is  to  be  regarded  merely  as  a  first 
approximation,  which  future  surveys  may  show  must  be  shifted  more  or  less 
to  adjust  it  to  local  conditions,  and  yet  it  is  probably  near  enough  to  the  best 
possible  route  to  serve  all  needed  purposes  of  this  estimate. 

Starting  from  the  pumping  station  at  Poughkeepsie,  the  location  is  assumed  to  be  the  same  as 
for  the  first  three  miles  of  the  **  high  level  "  line  ;  first  reaching  out  for  the  high  ground  to  the 
eastward  and  then  swinging  around  the  thickly  settled  portion  of  Poughkeepsie,  it  takes  a  course 
almost  due  south  to  the  filtration  works  provisionally  located  on  a  rise  of  ground  one  mile  north- 
erly from  Fishkill  Village.  The  map  contours  indicate  that  the  desired  elevation  of  from  240  to  260 
feet  can  there  be  obtained,  and  an  inspection  of  the  surface  indications  at  that  site  gave  prospect 
of  considerable  depth  of  earth  over  the  ledges  and  appeared  favorable  for  cheap  work  in  grading 
this  tract.  The  force  main  to  this  point  would  consist  of  two  lines  of  riveted  steel  pipes  8  feet  5 
inches  diameter,  and  with  thickness  of  shell  varying  from  3/8  inch  to  11/16  inch,  to  meet  the 
different  conditions  of  pressure. 

If  surveys  and  borings  should  prove  the  ground  just  suggested  to  be  unsuitable  for  the  filters, 
and  if  selection  be  made  of  lower  ground,  such  as  the  tract  near  Camelot  heretofore  mentioned, 
then  with  the  pumps  located  up  river  from  Poughkeepsie,  it  might  prove  cheaper  and  better  to 
pass  under  that  city  in  tunnel  and  to  construct  a  section  of  masonry  aqueduct  for  some  distance 
beyond  towards  the  filters.  No  definite  conclusions  can  be  reached  in  this  matter  without  precise 
instrumental  surveys. 

From  the  first-named  location  for  the  filters  it  appears  possible  to  construct  about  4)^  miles 
of  "  cut  and  cover**  masonry  aqueduct,  which  shall  receive  the  pure  water  by  gravity  directly 
from  the  collecting  galleries  of  the  filters.  Thence  an  air-line  tunnel,  about  16  miles  long,  under 
the  high  and  rugged  country  to  the  eastward  of  Peekskill  and  Fishkill  has  been  assumed  for  the 
present  as  the  line  on  which  to  base  estimates.  Tolerably  good  shaft  sites  can  be  found  on  this 
air-line  location  at  intervals  of  about  one  mile,  though  five  of  the  shafts  will  range  from  400  to  700 
feet  in  depth  and  it  is  not  unlikely  that  precise  surveys  would  show  some  advantage  to  be  gained 
by  s^verving  from  a  direct  line  at  those  places. 

The  southern  portal  of  this  tunnel  will  be  at  the  head  of  the  New  Croton  Reservoir.  The 
hydraulic  grade  elevation  will  there  be  about  190,  or  ten  feet  lower  than  the  proposed  flow  line  of 
the  new  reservoir.  For  the  next  three  miles,  the  conduit  will  be  within  the  limits  of  Croton  Lake, 
crossing  the  valley  of  Croton  river,  and  must  consist  of  steel  pipe.  Between  the  south  shore  of 
Croton  Reservoir  to  city  limits  it  is  proposed  to  have  the  aqueduct  wholly  in  tunnel,  and  to  that 
end  the  route  should  be  sought  which  offers  the  firmest  rock  formation  and  the  fewest  complica- 
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tions  as  to  right-of-way,  without  too  much  deviation  from  a  direct  line.  This  might  be  best  found 
on  a  location  near  to  and  practically  parallel  to  the  New  Croton  Aqueduct,  or  it  is  quite  probable 
that,  under  present  conditions,  more  favorable  ground  would  be  found  generally  from  one  mile  to 
one  and  one-half  miles  eastward  from  the  Croton  tunnel. 

Extending  this  tunnel  1.7  miles  south  from  city  limits,  brings  it  to  the 
Jerome  Park  Reservoir,  into  which  delivery  would  be  made  for  purposes  of 
distribution. 

An  approximate  estimate  for  this  aqueduct  is  given  on  the  next  page. 
This  provides  for  an  average  daily  delivery  of  200  million  gallons,  plus  a 
margin  of  25  per  cent.;  and,  in  addition,  estimates  are  carried  out  for  the 
larger  average  deliveries  of  400  and  800  mililon  gallons  per  day,  for  con- 
venience in  making  comparison  with  the  Ten  Mile  and  Housatonic  river  pro- 
jects. 
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Table  No.  70A. 

Probable  Cost  per  Year  and  per  Miliion  Gallons,  Filtered  Water  from  the  Hudson 
River  at  Poughkeepsie,  Delivered  in  New   York  at  City  Limits, 

(From  partial  reconDaisaance  only.) 
For  comparison  in  costs  with  250  million  gallon  plant,  see  Table  No.  8,  page  105.     The 
diflference  is  due  the  economy  of  large  conduit,  but  would  be  offset  by  interest  charges. 

For   plAnt  or  500  gAllona,  nominal   cApAcfty,   delivering   400  mUltoa   citllona   per 

tmrenty-fonr  hours. 


Q,aAittlty. 

Million  gallons  per  year  delivered  at  city  limiis, 
400  X  305= 


Conatmctlon. 

Cost  oi  pumping  plant,  including  intake  works,  docks,  \ 
coal  pockets,  lands,  etc..  complete j* 

Cost  of  filtration  works,  lands,  etc.,  complete 

Cost  of  structures  for  conveyance  and  storage,  Pough- 1 
keepsie  to  city  limits ( 

Park  Hill  High  Pressure  Distributing  Reservoir 


For  3C0  feet  head  at  city 
limits. 


146,000  million  gallons. 


Contribution  toward  cost  of  Adirondack  Reservoirs, ) 
for  preventing  saltness  in  drought ) 

Total  cost  of  works  for  pumping,  filtration  and 
conveying  water  to  the  city  limits  on  small 
est  basis  reasonable  in  absence  of  surveys. 


$9,660,000 

i3,6oo,coo 

37,937.003 

3.696,000 

X.  500, 000 


For  135  feet  head  at  aty 
limits.* 


'■\ 


146.000  million  gallons. 

$7,648,000 

13,600,000 

a7»93S.ooo 

o 

1.500,000 


♦56, 393.000 


Operating  Expenses. 


Colliction  and  Pumping — 

Interest  on  entire  cost  of  structures  and  land  at  I 

Z%  per  year | 

Sinking  fund  to  pay  of!  c6st  in  forty  years  at  3J(  =  ) 

x,y»fy1i  per  year J 

Taxes  and  special  assessments  at  1.4^  of  entire  cost. 

Extraordinary  repairs  and  depreciadon  at  3^  oft 
entire  cost I 

Coal,  labor  and  supplies,  per  million  gallons  raised  i 
z  foot  at  3.5  cents ) 


Total  cost  per 
year. 


$334,800 

148,000 

44,60c 

334.800 

3,300,000 


Total  cost  of  pumping. 


$3,163,300 


Filtering — 

Interest  on  entire  cost  ot  structures  and  land  at  3jC ) 

per  year | 

Sinkmg  fund  to  pay  off  cost  in  forty  years  at  3^-x>  ) 
1.326%  per  year \ 

Taxes  and  special  assessments  at  0.4%  of  entire  cost 
Extraordinary  repairs  and  depreciation 


Maintenance,  operation,  labor  and  supplies  at  $3  i 
per  million  gallons 


Total  cost  ot  filtering 


Transportation  [Conduits  and  Ttrtninal  Reservoirs) — 
Interest  on  entire  cost  of  structures  and  land  at  3% ) 

per  year j 

Sinking  fund  to  pay  of!  cost  in  forty  years  at  3?  = 
1.326%  per  year 

Taxes  and  special  assessments  at  0.2%  of  entire  cost- 


} 


$4o8,oco 

i8c,coo 

54.400 

136,000 

438,000 


$1,216,400 


Extraordinary  repairs  and  depreciation 

Operating  expenses  and  repairs  on  a  liberal  basis. . 

Total  cost  of  transportation,  interest  and  miin- ) 
tenance,  etc.,  Adirondack  Reservoir \ 

Total  of  annual  charges,  comprising  interest,  \  \ 
sinking  fund,  taxes,  operation  and  depre-  >  j 
elation 1 

Total  cost  per  million  gallons  of  water,  from  *) 
Hudson   river  at  Poughkeepsie,   filtered  !  j 
and  delivered  at  New  York  City  limits,  j  ' 
mcluding  Park  Hill  Reservoir J  | 

Total,  exclusive  of  sinking  fund 


S949,ooo 

419.5C0 

63.300 

x68,coo 

139,000 


$1,738,800 


$6,1x7,400 


5,370,000 


Per  mil. 
gals. 

$3  30 

I  oz 

30 
3  30 

15  73 


$31  66 


$2  80 

z  33 
37 
93 

3  00 


$8  33 


$6  50 
3  87 

43 
95 


$11  90 


$41    CO 

36  80 


$50,633,000 

Total  cost  per 
year. 

Per  mil. 

gals. 

$274,400 

.  $1  88 

131,300 

83 

36,600 

as 

374,400 

z  88^ 

1,430,800 

9  79 

$2,137,500 

«i4  63 

$408,000 

$2    80 

1 8o,coo 

I    33 

S4.<oo 

37 

236,000 

93 

438,000 

3  00 

$1,216,400 

$833 

—        _ 



$838,000 

«5  75 

37r,ooo 

2  54 

56,000 

38 

1Z3,030 

77 

z  30,000 

89 

$1,506,000 

$xo  33 

$4,860,000 

$33  30 
38  70 

4,188,600 

years 


At  these  prices  city  could  build  works  and  operate  and  pay  off  bonds  for  entire  cost  in  40 
s,  and  then  own  the  works  " free  and  clear"  and  in  excellent  repair. 


♦Jerome  Park  Reservoir  is  1.7  miles  south  of  point  o(  delivery  at  city  limits,  with  high  water  elevation  131. S 
feet  above  sea. 
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Appendix  No.   1 1 

Possible  Sources  North  of  the  Croton  Watershed  and  East  of  the 

Hudson  River. 

It  appears  impracticable  to  secure  from  the  watersheds  immediately 
northwest  of  the  Croton  any  supply  that  will  flow  to  the  city  by  gravity  and 
have  a  head  of  300  feet  at  the  city  limits,  that  is  sufficiently  large  to  warrant 
the  cost  of  development.  A  low  level  supply,  flowing  into  the  New  Croton 
Lake  by  gravity,  can  be  obtained,  but  at  high  cost  as  compared  with  the  Ten 
Mile  water,  and  of  a  size  only  sufficient  for  from  7  to  10  years'  growth  in 
water  consumption  by  the  Boroughs  of  Manhattan  and  The  Bronx  at  the 
present  rate  of  increase.  This  low  level  line  of  supply  from  Fishkill  Creek 
and  other  streams  warrants  a  complete  survey,  if  the  Ten  Mile  and  Housa- 
tonic  sources  cannot  be  obtained.  These  possible  sources  are  outlined  on 
Map  No.  15. 

A  hasty  reconnaissance,  seeking  watersheds  available  for  augmenting 
the  Croton  supply  by  gravity  flow,  was  made  late  in  October  and  early  in 
November,  1899,  under  my  direction,  by  Horace  Ropes,  C.  E.,  through  the 
country  east  of  the  Hudson,  from  Peekskill,  as  far  north  as  a  point  east  of 
Albany.  I  accompanied  Mr.  Ropes  on  this  as  far  as  Pleasant  Valley,  nine 
miles  northeast  of  Poughkeepsie.  Two  lines  of  reconnaissance  for  aqueduct 
lines  were  carried  along;  one  about  five  to  eight  miles  east  of  the  Hudson, 
called  the  "  high  pressure  line,"  intended  to  deliver  water  by  gravity  at  the 
city  limits  at  a  hydraulic  grade  of  300  feet  above  the  sea;  the  other  nearer  the 
river,  called  the  "low  pressure  line,"  intended  to  gather  and  carry  the  water  at 
an  elevation  sufficient  to  flow  by  gravity  into  the  enlarged  Croton  Lake 
lormed  by  the  New  Croton  Dam. 

On  the  ground,  we  were  disappointed  in  the  hopes  that  had  come  from 
a  study  of  the  topographical  contour  maps  of  the  U.  S.  Geological  Survey. 
The  disappointment  came  in  not  finding  good  dam  sites  or  so  good  sites  for 
reservoirs  of  sufficient  capacity  to  develop  a  high  rate  of  uniform  delivery  per 
square  mile,  as  the  study  of  maps  had  led  me  to  expect. 

In  planning  water  supply,  abundant  opportunity  for  storage  is  hardly 
less  important  than  ample  area  of  watershed,  and  the  Croton,  the  Ten  Mile 
and  the  Housatonic  above  Merwinsville,  are  better  adapted  by  geological 
conditions  for  the  development  of  storage  than  any  other  region  within  prac- 
ticable distance  of  New  York  City. 

Northwest  of  the  Croton,  particularly  along  the  "  high  level  line,"  the 
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streams  are  short  and  rapid  and  the  valleys  narrow,  and  while  opportunities 
for  developing  such  a  supply  as  would  be  needed  by  a  city  of  100,000  inha- 
bitants are  ample  and  frequent,  the  conditions  are  not  favorable  to  develop- 
ment on  the  large  scale  which  the  present  problem  demands. 

Along  the  "  low  level  line  "  the  reservoir  sites  are  more  hopeful  and  the 
drainage  areas  larger,  but  to  gain  these  the  proposition  has  to  begin  with  a 
16-mile  tunnel  under  the  rugged  mountain  region  east  of  Anthony's  Nose, 
Sugar  Loaf,  Storm  King  and  Break  Neck.  To  answer  definitely  about  these 
possibilities  a  transit  line  traverse  survey  with  accurate  levels  and  stadia 
topography  and  borings  at  the  possible  dam  sites  is  needed. 

The  country  being  rather  difficult  and  much  broken  into  small  streams, 
does  not  admit  of  any  very  definite  statements  about  this  low-level  project 
northwest  of  the  Croton  without  an  instrumental  sur\^ey ;  but,  as  stated  above, 
it  appears  worthy  of  investigation,  if  negotiations  for  the  Ten  Mile  and 
Housatonic  should  fail.  These  sources  could  be  made  to  augment  the  Croton 
sufficiently  to  supply  the  city's  real  needs  for  a  long  time  to  come,  if  waste 
should  be  vigorously  restricted. 

Our  reconnaissance  was  based  on  the  geological  maps  taken  into  the 
field,  supplementing  these  with  aneroid  barometer  and  hand  level,  and 
using  an  excellent  recording  barometer  stationed  at  the  hotel  for  correcting 
the  indications  of  the  portable  barometer  for  hourly  fluctuations. 

The  results  of  the  reconnaissance  may  be  briefly  set  forth  as  follows: 
The  locations  and  drainage  areas  referred  to  will  be  found  outlined  on  Map 
No.  15,  but  since  the  scale  of  that  map  is  too  small  to  show  them  well,  they 
can  be  best  studied  from  the  topographic  sheets  of  the  U.  S.  Geological 
Survey. 

Reconnaissance  on  High  Pressure  Line. 

1st.  A  good  site  for  a  high  pressure  equalizing  reservoir  is  found  above 
Holman's  Mills,  2  miles  north  of  Croton  Lake  and  5  miles  east  of 
Peekskill.  This  at  elevation  370  would  have  area  of  about  1.25 
square  miles,  and  in  its  upper  10  feet  would  hold  about  2.5  billion 
gallons,  or  in  upper  20  feet,  not  far  from  4.5  billion  gallons.  A 
good  dam  site  is  found  250  feet  upstream  from  Holman's  grist-mill ; 
good  gneiss  outcrop  on  west  bank  and  to  bed  of  stream,  east  side  of 
valley  apparently  deeply  covered  with  a  "  hard  pan  "  formation  of 
unmodified  drift  or  bowlder  clay  requires  borings  to  make  sure  of 
substrata.  Dam  about  1 10  feet  high  at  flow  line,  above  the  present 
surface. 
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2d.  Proceeding  northerly  through  the  valley  by  about  two  miles  of  shallow 
tunnel  to  a  point  near  Shrub  Oak,  possibly  8.3  square  miles  of  drain- 
age area  from  Jefferson  Valley  could  be  taken  in.  Dam  site  not 
very  promising;  hardly  anything  more  than  a  20  feet  earth  dam  ap- 
parently feasible,  and  storage  sufficient  to  give  high  rate  of  yield 
per  square  mile  apparently  difficult  to  obtain  without  disturbing 
houses.  Steam  found  flowing  well,  considering  the  long  drought, 
perhaps  3  million  gallons  per  24  hours,  call  the  possible  supply  from 
this  8.3  square  miles,  roughly,  5  million  gallons  per  24  hours. 

3d.  Proceeding  thence  about  3.5  miles  northerly  by  a  fair  line  for  cut  and 
cover  aqueduct,  the  next  possibility  is  Peekskill  Hollow  Creek  with 
15.6  square  miles  of  drainage,  but  on  the  ground  the  prospect  for  a 
dam  site  to  store  any  considerable  volume. is.  disappointing  because 
of  the  depth  and  narrowness  of  the  valley.  A  dam  site  further  down- 
stream than  1.5  miles  southwest  of  Tompkins'  Corner  appears 
impracticable  at  any  reasonable  expense.  Any  dam  within  reason- 
able expense  could  hardly  give  available  storage  of  more  than  800 
million  gallons  in  the  top  10  feet  of  reservoir,  or  the  largest  pos- 
sible dam  and  reservoir  would  give  not  more  than  2  billion  gallons 
storage;  which  is  130  million  gallons  of  storage  per  square  mile  of 
watershed.  So,  even  with  the  opportunity  to  store  part  of  the  flood 
waters  in  reservoirs  to  be  constructed  at  head  of  drainage  area,  we 
could  hardly  reckon  on  this  Peekskill  Hollow  Creek  contributing 
more  than  a  safe  yield  of  500,000  gallons  per  square  mile,  or  a  total 
of,  say,  8  to  10  million  gallons  per  24  hours. 

4th.  Continuing  north,  we  would  have  to  go  through  a  tunnel  of  7.2  miles  in 
length  to  the  Shenandoah  Valley  and  thence  through  about  6  miles 
of  cut  and  cover  rriasonry  aqueduct  with  heavy  side-hill  work. 

No  other  noteworthy  drainage  can  be  found  until  Fishkill 
Creek  is  reached,  at  a  point  above  which  the  drainage  area  is  about 
50  square  miles.  The  map  indicated  possibility  of  a  great  storage 
reservoir  between  Stormville,  Beekman  and  Green  Haven,  ample 
for  impounding  this  water,  but,  on  the  ground,  this  did  not  look 
at  all  favorable.  A  complete  survey  with  accurate  levels  would  be 
required  to  demonstrate  with  certainty  what  could  be  done.  The 
surface  indications,  particularly  near  the  stream  itself,  call  for  a  dam 
of  great  height  and  of  impracticable  width,  with  the  bed  rock  appa- 
rently too  far  below  the  surface. 
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There  are  possibilities  of  moderate  reservoir  development  on 
the  head  waters  and  in  Whaley  Pond,  but  the  present  diata  indicate 
no  hope  of  being  able  to  develop  storage  such  that  Fishkill  Creek 
above  Stormville  could  deliver  into  the  high-pressure  aqueduct 
more  than  at  most  25  million  gallons  per  day  in  extreme  drougnr. 

5ih.  At  Lagrangeville  the  map  shows  some  possibility  of  securing  the  drain- 
age from  16  square  miles.  Large  storage  at  the  outlet  of  this  water- 
shed at  Lagrangeville  appears  impracticable  on  the  ground,  without 
more  disturbance  of  residences  and  railroads,  and  more  expense  for 
dam  than  the  water  to  be  gained  warrants.  A  cursory  examination 
showed  no  outcrop  of  ledge  near  dam  site.  The  map  indicates  small 
opportunity  to  develop  storage  farther  up  the  valley,  so  for  a  first 
approximation  we  would  not  appear  justified  in  assuming  at  most  a 
safe  yield  in  extreme  drought  of  more  than,  say,  300,006  gallons  per 
square  mile,  or  say,  5  million  gallons  per  day. 

6tli.  On  the  head  of  Sprout  Creek  there  appears  to  be  about  19  square  miles 
of  tributary  watershed,  which  may  be  quite  fully  developed  for  stor- 
age and  made  to  yield,  say,  500,000  gallons  per  square  mile,  or  at  a 
safe  rate,  of  not  more  than  12  million  gallons  per  day. 

7lh.  Continuing  northward  no  stream  appears  available  for  the  high-level 
aqueduct  until  the  head  waters  of  a  branch  of  Wappinger's  Creek 
are  reached,  above  Pleasant  Valley  and  near  Washington  Hollow. 
The  area  of  this  watershed  is  found  to  be  about  4  square  miles,  with 
a  fair  chance  of  storage.  Possibly  from  this  4  square  mile$,  with 
liberal  expenditure  on  storage,  there  could  be  obtained  a  safe  yield 
of  3  million  gallons  per  24  hours. 

The  aqueduct  lines  necessary  up  to  this  point  aggregate  33  miles  from 
the  terminal  or  equalizing  reservoir  at  Holman's  Mills,  or  a  total  distance  of 
35  miles  north  from  Croton  Lake,  and  the  total  safe  yield  of  the  streams  after 
liberal  expenditure  for  storage  appears  to  be  not  more  than  as  follows: 
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Table  No.  71. 
Possible  Drainage  Areas  and  Safe  Yield  for  High  Pressure  Water  Supply — 

North  of  Croton  Watershed. 


Name  of  Watershed. 


From  Jefferson  Valley  at  Shrub  Oak 

Peekskill  Hollow  Creek  at  2.5  miles  upstream  from  Adam's  ) 
Corner ) 

Fiahkill  Creek,  from  near  Stormville 

Whortlekill  Creek,  from  near  Lagrangeville 

Sprout  Creek,  from  2  miles  nottheast  of  Freedom  Plains , 

Head  of  branch  Wappinger's  Creek,  from  2.2  miles  easi  of  { 
Pleasant  Valley J 

Total 


Square  Miles  of 
Drainage. 

Maximum  Safe 

Yield. 

MiUioa  Gallons 

per  Day. 

9 

5 

15.6 

10 

50 

25 

16 

5 

19 

12 

4 

3 

114 

Square  Miles. 

60 
Million  Gallons. 

To  get  this  into  the  Croton  Watershed  at  Holman's  Mills  requires  33 
miles  of  very  expensive  aqueduct,  of  which  about  12  miles  is  tunnel,  and 
about  2  miles  is  steel-pipe  siphon.  The  remaining  19  miles  of  this  aqueduct 
line  could  be  of  cut-and-cover  masonry  or  more  cheaply  perhaps  of  steel  pipe, 
if  the  line  goes  only  far  enough  to  secure  60  million  gallons. 

These  long  tunnels  could  not  be  driven  smaller  than  of  area  about  equiva- 
lent to  a  7-foot  circle,  which  is  much  larger  than  needed  for  hydraulic  pur- 
poses from  the  limited  watersheds  found,  and  the  whole  would  be  unduly 
expensive  for  the  volume  of  water  to  be  gained;  for  this  entire  addition  would 
be  equivalent  to  only  four  years'  increase  of  consumption  of  water  by  Man- 
hattan and  The  Bronx  alone  at  the  recent  rate  of  increase. 

I  went  no  farther  myself  on  this  line  of  reconnaissance,  but  Mr.  Ropes 
continued  it  up  to  a  point  opposite  Albany,  looking,  however,  more  for  the 
possibilities  of  location  for  an  Adirondack  aqueduct  than  for  reservoir  sites. 

At  the  little  village,  Hibernia,  39  miles  north  of  Holman's  Mills,  the  main 
branch  of  Wappinger's  Creek  is  crossed,  but  the  creek  here  is  about  150  to 
175  feet  below  the  hydraulic  grade  of  any  possible  high-pressure  aqueduct,  so 
this  valley  would  have  to  be  crossed  by  a  siphon  1.5  miles  long.  If  a  branch 
line  should  be  run  9  miles  up  Wappinger's  Creek,  a  suitable  grade  would  be 
reached  for  taking  in  by  gravity  the  flow  from  about  41.4  square  miles,  Avith 
the  map  indicating  excellent  opportunities  for  storage.  This  was  not  fol- 
lowed out  on  the  ground. 
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Continuing  north  to  Clinton  Hollow,  forty-two  miles  from  Holman's 
Mills,  on  another  small  branch  of  Wappinger's  Creek  the  map  indicates  an 
excellent  reservoir  site,  which  examination  on  the  ground  appeared  to  con- 
firm, but  large  expenditure  would  be  required  for  a  dam  about  75  feet  high 
by  900  feet  in  length  at  top,  with  half  its  length  in  drift  formation  with  ledge 
at  uncertain  depth,  and  a  fair  prospect  for  ledge  at  small  depth  on  the  other 
half.  The  area  of  this  reservoir  at  420  feet  above  sea  would  be  3.8  square 
miles.  Watershed  is  27  square  miles,  and  the  reservoir  capacity  appears  pos- 
sibly sufficient  ample  for  development  to  900,000  gallons  per  square  mile  per 
day,  or  for  the  23  miles  of  net  land  drainage,  say,  at  most  21  million  gallons 
per  24  hours. 

Continuing  to  the  58th  mile  at  Elizabeth  at  the  Rocliff  Jansen  Kill,  the 
valley  is  nearly  200  feet  below  hydraulic  grade,  and  the  water  cannot  be  taken 
into  any  gravity  supply  without  a  long  branch  line.  There  is  at  present  no 
U.  S.  contour  fnap  showing  this  drainage  area,  but  other  maps  indicate 
perhaps  75  or  100  square  miles  of  watershed,  with  possibilities  of  dam  sites  in 
its  deep  gorge  some  miles  to  the  east,  by  which  water  could  be  made  to  enter 
the  high  level  aqueduct.    This  was  not  explored. 

The  total  available  high  pressure  sources  found  in  going  this  long  dis- 
tance north  from  the  Croton  are  given  below. 

Table  No.  j^. 

Possible  Drainage  Areas  for  High  Level  Water  Supply  North  of  Croton 

Watershed, 


By  previous  summary,  Table  No.  71 
At  head  of  Wappingcr's  Creek . . . 

Clinton  Hollow , 

Rocliff  Jansen 

Total 


Square  Miles 
Drainage  Area. 


114 

27 
75-100 


Maximum  Safe  Yield. 
Million  Gallons  per  Day. 


Yielding  possibly 60 


u 


4fc 


25 
21 


257  . 
Square  Miles. 


Not  explored— perhaps    40 


146 
Million  Gallons. 


The  aggregate  yield  for  all  this  length  of  sixty  miles  of  aqueduct  with 
numerous  dams  would  be  less  than  could  be  diverted  into  the  Croton  Water- 
shed at  equal  elevation  at  Pawling,  without  any  aqueduct,  by  one  dam  at 
Webatuck. 
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In  continuing  the  reconnaissance  for  the  Adirondack  aqueduct  farther 
north,  Mr.  Ropes  noted  that  the  larger  streams  of  Claverack  and  Kinder- 
hook  Creek  were  too  low  to  be  diverted  into  a  high  pressure  gravity  aqueduct 
unless  branches  should  be  run  easterly  up  toward  their  head  waters.  As  these 
were  off  the  limits  of  the  U.  S.  Geol.  contour  maps,  after  a  brief  study  of  rail- 
road profiles  for  their  elevations  further  reconnaissance  for  small  watersheds 
lying  north  of  the  Croton  capable  of  giving  a  gravity  high  pressure  supply 
was  discontinued. 

Reconnaissance  for  Low  Pressure  Supply — Northwest  of  Croton, 

Failing  to  find  adequate  supply  at  reasonable  cost  that  would  flow  by 
gravity  to  an  elevation  of  300  feet  above  sea  at  the  city  limits,  the  broader 
possibilities  of  a  low  level  line  delivering  into  Croton  Lake  remain  to  be 
considered.  An  apparently  possible  aqueduct  line  had  been  sketched  on  the 
maps  before  going  out  on  this  reconnaissance,  and  this  was  examined  on  the 
ground  at  a  few  critical  points  to  get  some  idea  of  the  difficulties  of  construc- 
tion. 

North  from  Croton  Lake  the  line  immediately  runs  against  the  great 
natural  obstacles  presented  by  the  range  of  rugged  hills  or  mountains  easf 
of  Peekskill,  and  the  detour  along  the  Hudson  would  involve  so  much  extra 
length,  and  incur  so  much  very  heavy  steep  hillside  work  that  the  only 
practicable  method  appeared  to  be  to  start  north  with  a  tunnel  16  miles 
long,  beginning  at  the  northern  arm  of  the  new  Croton  Lake  1.5  miles  east 
of  Dickerson's  Hill  and  running  to  a  point  on  Clove  Creek  about  2  miles 
south  of  Fishkill. 

Watersheds  Available, 

1st.  The  first  stream  crossed  is  Peekskill  Hollow  Creek,  where,  near  the 
Village  of  Putnam  Valley,  about  30  square  miles  of  drainage  could  be 
diverted  at  a  point  5  miles  up  from  the  outlet  of  the  tunnel.  No  exploration 
for  dam  sites  was  made  so  far  down  on  Peekskill  Creek,  but  what  was  seen 
farther  up,  together  with  what  is  shown  on  the  map,  leads  me  to  expect  con- 
siderable storage  at  reasonable  cost.  Perhaps  with  Oscawanna  Lake,  with 
some  dams  farther  up  the  valley,  and  with  such  dam  as  could  be  built  near 
Putnam  Village,  sufficient  storage  could  be  secured  to  give  a  safe  yield  of 
500,000  gallons  per  square  mile,  or  from  the  30  square  miles  of  watershed 
there  could  perhaps  be  obtained  a  safe  yield  of  15  million  gallons  per  day. 

2d.  Two  miles  further  up  stream,  Sprout  Brook  or  Canopus  Creek  is 
crossed,  having  8  miles  of  drainage.    This  could,  perhaps,  be  dammed  and 
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let  into  the  tunnel  down  the  shaft.  No  local  examination  was  made  of  dam 
and  reservoir  site.  To  make  the  most  of  these  possibilties  we  will  assume  a 
safe  yield  of  300,000  gallons  per  square  mile,  this  affording  a  total  of  2.5 
million  gallons  per  day. 

3d.  Pive  miles  further  north,  Sand  Spring  Brook^  with  5.5  miles  of 
drainage  could  probably  also  be  dammed  and  let  in,  but  bo  examination  was 
made  on  the  ground  for  dam  and  reservoir  sites.  Assume  provisionally  a  safe 
yield  of  400,000  gallons  per  mile,  or  from  the  5.5  square  miles  a  total  of  at . 
most  2  million  gallons  per  day. 

4th.  At  upstream  portal  of  tunnel,  13.6  square  miles  draining. north- 
ward down  Clove  Brook  could  probably  be  let  in.     Fair  opportunity   for 
storage,  say  600,000  gallons  per  mile,  or  a  safe  yield  of  at  most  8  million 
gallons  per  day. 

We  have  so  far  gone  16  miles  through  an  expensive  tunnel  with  little 
hope  of  thus  far  obtaining  a  safe  yield  of  over  27.5  million  gallons  per  day. 

Thence  a  gravity  line  would  proceed  northwest  by  cut  and  cover  aque- 
duct to  Brinkerhoff. 

Fishkill  Creek  Source. 

Sth.  Here  the  aqueduct  would  tap  Fishkill  Creek,  draining  158  square 
miles,  and  with  promise  of  a  reservoir  site  of  area  ample  to  store  and  develop 
a  very  large  proportion  of  the  total  run-off. 

Hasty  examination  of  the  site  showed  that  borings  would  be  needed 
before  anything  definite  would  be  known  about  nearness  of  ledge  to  surface. 
The  surface  indications  are  fairly  favorable  and  indicate  that  a  long,  low  earth 
dam  with  masonry  core  would  serve  to  impound  a  very  large  quantity,  but 
apparently  there  would  be  much  shallow  flowage,  and  there  is  a  possibility 
of  some  leaky  gravel  subsoil  at  the  dam  site.  A  stadia  survey  with  accurate 
levels  would  be  needed  for  definite  knowledge  of  the  storage  and  shallow 
flowage,  and  borings  would  be  needed  to  test  the  quality  of  the  dam  site.  So 
far  as  may  be  judged  from  the  topographical  maps  and  the  railroad  levels 
and  general  appearances  it  seems  fair  to  assume  a  possibility  for  storage  suf- 
ficient to  give  11,000  million  gallons  available  capacity  with  10  feet  average 
depth  over  the  very  broad  area  of  5.5  square  miles,  or  16  billions  if  15  feet 
average  depth  of  draft  is  found  practicable,  and  perhaps  more.  For  a  first 
approximation,  we  will  assume  the  storage  on  this  entire  watershed  to  aver- 
age 100  million  gallons  per  square  mile.  The  total  drainage  area  above  this 
point  is  not  far  from  158  square  miles.    The  total  yield  depends  on  the  quality 
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of  the  dam  site  as  to  be  revealed  by  borings  and  accurate  surveys  and  whether 
the  geological  study  shows  the  substrata  impervious.  The  area  of  storage 
basin  is  ample  to  develop  a  safe  yield  of  600,000  gallons  per  square  mile  per 
day,  and  perhaps  700,000,  and  there  is  thus  good  hope  of  securing  from  Fish- 
kill  Creek  a  safe  yield  of  100  million  gallons  per  day.    or,  in  going  tws  dia- 

tanoe  of  about  20  mUes  from  Croton  Lake  we  find  excellent  promise  of 
eecurlng  the  drainage  of  220  equare  miles  of  watershed  with  a  safe  yield  of 

1 30  million  gallons  per  day.  If  time  permitted  I  would  have  confirmed  this 
hasty  reconnaissance  by  an  instrumental  survey. 

6th.  Wappinger's  Creek,  the  next  considerable  stream,  is  of  such 
importance  to  the  extensive  print  works  of  Garner  &  Co.  for  wash 
water,  that  the  damages  for  diverting  any  considerable  portion  might  prove 
much  more  burdensome  than  a  diversion  of  water  used  only  for  power.  The 
stream  is  so  deeply  eroded  that  its  waters  could  not  be  diverted  without  fol- 
lowing its  bank  either  with  a  cut  and  cover  aqueduct,  or  its  equivalent,  a  long 
distance  up  the  stream  to  possibly  i  mile  above  Hibernia,  or,  on  the  other 
hand,  building  a  high  expensive  dam  perhaps  near  Pleasant  Valley,  or  pos- 
sibly much  further  upstream,  involving  much  railroad  re-location.  Very 
likely  it  might  be  found  by  accurate  surveys  that  139  square  miles  of  water- 
shed is  availabk,  and  that  this  could  be  relied  upon  for  50  or  60  million 
gallons.  We  have  thus,  in  a  distance  of  33  miles,  or  adding  the  13  miles  of 
branch  lines  up  Wappinger's  Creek,  making  a  total  distance  of  46  miles  from 
the  Croton  Lake,  found  good  probability  of  securing  180  million  gallons  of 
water  per  day,  sufficient  for  twelve  or  fifteen  years'  increase  in  consumption 
of  Manhattan  and  The  Bronx  only. 

To  sum  up ;  from  this  crude  reconnaissance  I  did  not  find  the  low  press- 
ure line  as  just  described,  presenting  any  attractiveness  in  comparison  with 
the  Ten  Mile,  but  believe  it  will  warrant  three  months  work  of  a  topogra- 
phical party  well  equipped  for  accurate  explorations,  because  if  the  securing 
of  water  rights  upon  the  Ten  Mile  and  the  Housatonic  at  a  reasonable  price 
is  slow  in  negotiation,  or  ultimately  fails,  then  it  is  important  that  no  time 
should  have  been  lost  in  the  planning  and  readiness  for  securing  the  next 
best  addition  and  for  weighing  the  advantages  and  defects  of  this  watershed 
north  of  the  Croton  against  those  for  watersheds  west  of  the  Hudson  river. 
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A  Supply  from  the  Adirondacks. 

The  Adirondack  Mountain  region  has  been  so  often  mentioned  as  the 
ultimate  source  to  which  New  York  City  must  look  for  pure  water,  much  as 
Winnipiseogee  Lake  was  formerly  often  mentioned  as  the  necessary  future 
supply  for  Boston,  that  it  appeared  proper  to  give  attention  to  its  possibilities, 
particularly  since  some  years  ago  (1884)  Mr.  J.  T.  Fanning,  an  engineer  of 
nmch  prominence  in  hydraulic  matters,  prepared  a  report  with  estimates  that 
a  supply  of  500  million  gallons  could  be  brought  to  New  York  from  the  Adi- 
rondacks for  about  fifty-five  million  dollars,  and  that  this  aqueduct  or  canal 
could  be  readily  enlarged  by  building  its  banks  higher,  so  as  to  supply  upward 
ol  1,000  million  gallons  per  day. 

I  find  no  possibility  that  the  necessary  structures  could  be  built  and  the 
necessary  rights  acquired  without  adding  75  per  cent,  to  that  estimate  of  cost. 
The  excellent  contour  maps  of  the  U.  S.  Geological  Survey,  which  now  cover 
the  greater  part  of  the  distance,  were  not  available  at  the  time  of  Mr. 
Fanning's  estimate,  and  I  do  not  understand  that  he  made  any  instrumental 
survey  over  the  line.  The  extent  and  value  of  the  water-power  developments 
along  the  upper  Hudson  have  increased  largely  since  the  date  of  Mr. 
Fanning's  estimate  (Mr.  Rafter  says  13,000  water  horse-power  were  in  use 
from  the  Hudson  in  1882;  and  that  this  use  had  increased  to  55,000  horse- 
power in  1898),  and  other  very  large  developments  are  now  being  promoted. 
It  is  also  but  fair  to  state  that  Mr.  Fanning's  proposition  did  not  take  the 
water  quite  so  far  up  the  stream  and  did  not  deliver  it  at  so  great  pressure  in 
New  York  as  the  plans  that  I  have  prepared. 

A  location  for  an  Adirondack  aqueduct  on  the  high  lands  east  of  the 
Hudson  was  kept  in  view  during  the  reconnaissance  for  the  high-pressure 
aqueduct  line  northward  from  the  Croton,  described  in  Appendix  No.  11,  and 
also  in  the  reconnaissance  for  the  low-pressure  line  which  had  filtered  water 
from  the  Hudson  at  Poughkeepsie  in  view.  For  this  reason,  Mr.  Ropes' 
reconnaissance  for  aqueduct  location  was  carried  farther  north,  by  driving 
along  the  highways  and  briefly  examining  the  difficult  locations  as  far  as  a 
point  opposite  to  Albany.  In  the  latter  part  of  October,  1899,  I  made  a 
brief  examination  of  the  ground  for  10  or  12  miles  at  the  upstream  end,  or 
from  Hadley  to  the  great  bend  in  the  river  a  few  miles  below  Palmer's  Falls, 
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and  particularly  at  the  point  which  a  study  of  the  maps  and  a  little  previous 
personal  experience  in  this  region  had  indicated  as  the  nearest  favorable  point 
for  diverting  the  water  of  the  upper  Hudson  into  an  aqueduct. 

(In  order  that  basis  of  my  Adirondack  estimate  may  be  clearly  understood,  it  is  necessary  to 
state  that  in  any  preliminary  reconnaissance  there  is  a  considerable  margin  of  uncertainty  beyuod 
the  numerous  little  extras  which  in  most  engineering  expenence  are  found  to  add  about  ten  per 
cent,  to  the  total  of  the  main  items. 

In  the  case  of  the  Housatonic  and  Ten  Mile,  it  was  my  effort  that  this  margin  of  uncertainty 
should  be  included  as  adding  to  the  cost,  but  in  the  Adirondack  estimate  there  was  rather  a  dispo- 
sition to  look  at  the  cost  in  as  favorable  a  way  as  could  bs  fully  justified,  though  with  no  mtention 
of  underestimating  any  item,  therefore  the  nearest  favorable  point  was  taken  for  the  point  of 
diversion.) 

I  had  no  time  for  exploration  of  the  individual  reservoir  sites,  excepting 
a  brief  view  of  the  proposed  Hadley  dam  site,  and  it  is  possible  that  instead 
of  merely  damming  the  river  at  the  head  of  the  Corinth  Falls,  and  at  that 
point  diverting  the  combined  waters  of  the  branches  converging  below  Had- 
ley, that  a  favorable  plan  could  be  worked  out  for  reserving  and  developing, 
solely  for  the  supply  of  New  York,  one  or  more  of  the  enormous  reservoir 
sites  with  which  nature  has  favored  this  region,  cutting  brush  wood  and 
removing  the  stumps  from  this  basin  that  is  to  store  water  for  drinking  pur- 
poses and  municipal  supply,  and  then  develop  by  cheaper  methods  another 
series  of  reservoirs  on  the  remaining  branches  of  the  Hudson  for  the  purpose 
of  storing  flood  waters  and  thus  providing  compensation  water  that,  in  the  dry 
season,  would  take  the  place  of  the  water  diverted  and  thereby  avoid  nearly 
all  claim  for  water  damages  on  the  lower  riven 

The  Corinth  site  appears  to  serve  all  the  purposes  of  the  present  inves- 
tigation and  sets  forth  the  Adirondack  possibilities  in  a  favorable  light. 

Safe  Yield  of  Adirondack  Sources. 

The  large  drainage  area  above  the  point  thus  selected  as  the  nearest 
favorable  location  for  the  diversion  works  is  more  than  2,650  square  miles, 
and  the  well-known  lake  systems  of  the  Adirondacks  indicate  that  this  area 
could  be  made  to  furnish  an  ample  source  for  the  1,000  million  gallon  supply 
stated  as  feasible  by  Mr.  Fanning,  but  reference  was  also  had  to  the  state- 
ments in  the  water  power  volume  of  the  U.  S.  Census  of  1880  (The  Benedict 
Surveys)  and  particularly  to  the  recent  investigations  on  the  yield  and  on 
opportunities  for  storage  to  increase  the  yield  made  in  the  Adirondack  region 
by  Mr.  George  D.  Rafter,  and  set  forth  in  the  Report  of  the  State  Engineer 
of  New  York  to  the  General  Assembly  for  the  year  1895,  pages  89  to  195; 
also  to  the  Report  on  the  Water  Resources  of  the  State  of  New  York,  Bulle- 
tins Nos.  24  and  25  of  the  U.  S.  Geological  Survey,  page  134  of  No.  25,  etc., 
which,  in  another  form,  give  the  result  of  the  same  studies. 
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Mr.  Rafter,  from  his  later  studies,  confirms  what  Mr.  Fanning  had  said 
and  reports  that  very  remarkable  facilities  exist  for  constructing  large  storage 
reservoirs  in  the  Adirondacks  at  low  cost,  and  that  these  reservoirs,  above  the 
point  that  I  have  proposed  for  diversion,  can  be  readily  made  large  enough  to 
so  supplement  the  natural  flow  that  a  uniform  flow  of  from  3,000  to  3,600 
cubic  feet  per  second  or  from  1,900  to  2,280  million  gallons  per  24  hours  could 
be  maintained  at  Glens  Falls  as  an  average  for  the  driest  month  of  an 
unusually  dry  year  like  1891.  The  proposed  diversion  of  1,000  million 
gallons  per  24  hours,  the  largest  volume  considered  for  conveyance  to  New 
York,  amounts  to  only  half  of  this  quantity. 

He  further  calls  attention  to  the  remarkably  favorable  site  found  at  Had- 
ley  Bridge,  by  which  4  billion  cubic  feet  or  30  billion  gallons  could  be  stored 
at  the  foot  of  a  watershed  of  1,642  square  miles,  with  a  very  cheap  stone  dam, 
in  a  deep  gorge.  I  visited  this  site  and  it  certainly  looks  very  favorable  for 
an  enormous  storage  at  low  cost.  Mr.  Rafter's  reports  to  the  State  Engineer 
gives  estimates  upon  other  very  ample  reservoir  sites. 

Low-Water  Flow  of  the  Upper  Hudson  River. 

The  low-water  flow  for  a  month  at  a  time  under  the  present  conditions 
of  storage,  although  aided  by  outflow  from  lumberman's  dams,  may  some- 
times, as  we  gather  from  Mr.  Rafter's  paperis,  run  as  low  as  600  cubic  feet 
per  second,  which  is  only  about  400  million  gallons  per  24  hours  at  the  pro- 
posed point  of  diversion. 

The  U.  S.  Census  Report  on  Water-power,  1880,  Volume  16,  page  346,  quotes  Mr.  Warren 
Curtis,  the  designer  of  the  extensive  plant  of  the  Hudson  River  Pulp  and  Paper  Company,  as 
stating  that  the  flow  at  Palmer's  Falls,  for  one  or  two  months  in  a  year,  sometimes  falls  as  low  as 
200  to  250  cubic  feet  per  second,  which  is  only  about  150  million  gallons  per  24  hours,  and 
incredibly  small,  coming  from  so  large  a  watershed. 

While  there  is  no  doubt  that  the  present  rate  of  summer  flow  is  small, 
all  authorities  concur  in  the  very  remarkable  possibilities  for  large  storage  at 
low  cost  along  its  head  waters,  and  without  the  expense  and  delay  of  further 
study,  we  appear  entirely  safe  in  the  assumption  made  above,  that  from  this 
2,650  square  miles  of  watershed,  there  can  be  diverted  in  the  driest  years 
from  800  to  1,000  million  gallons  per  day  with  a  safe  margin  left  at  the  State 
dam  for  feeding  the  Champlain  Canal;  also  for  supplying  the  needs  of  all 
present  factories  with  ample  wash  water  and  beyond  this  a  fair  probability 
that  the  full  present  use  of  water-power  at  all  Hudson  river  mill  sites  can  be 
maintained  at  its  present  magnitude  by  compensation  water  from  future 
flood  storage  in  these  reservoir. 
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Practicability  of  the  Adirondack  Source. 

While  the  providing  of  New  York  City  with  a  domestic  water  supply 
from  the  Adirondacks  may  be  found  impracticable  as  a  business  proposition, 
in  competition  with  the  cheaper  sources  near  at  hand  or  because  of  restric- 
tions on  the  city's  borrowing  capacity,  it  was,  as  a  matter  of  hydraulic  engi- 
neering found  to  be  entirely  practicable  to  divert  the  required  quantity  of  water 
from  the  Hudson  below  Sacondaga  Creek,  in  the  Tozvn  of  Corinth,  near  where  the 
iron  highzvay  bridge  from  Hadley  to  Corinth  crosses  the  river,  just  above  the  head  of 
Palmer's  Falls,  at  an  elevation  of  545  feet  above  the  sea,  and  carry  it  by  gravity 
to  New  York  City  and  deliver  it  at  an  elevation  of  300  feet  above  the  sea  at  the 
city  limits. 

The  many  millions  required  to  carry  out  this  Adirondack  project  look  like  a  moderate  expen* 
•diture  in  comparison  with  tne  expenditures  recently  proposed  for  the  reorganization  and  betterment 
of  the  water  supply  of  London. 

So  far  as  was  developed  by  our  brief  reconnaissance  in  the  field 
over  about  three-fourths  of  the  entire  distance,  with  the  contour  maps 
of  the  Geological  Survey  in  hand,  on  which  certain  apparently  possible 
locations  had  been  previously  traced,  there  are  no  obstacles  greater 
than  frequently  have  to  be  overcome  in  railroad,  canal  and  aqueduct  location, 
and  it  was  found  almost  as  cheap  to  so  locate  the  line  as  to  deliver  the  water 
at  300  feet  elevation  at  the  city  limits  as  to  deliver  it  at  the  level  of  the  Croton 
Aqueduct. 

Best  Form  of  Conduit  from  the  Adirondacks, 

To  obtain  the  cheapest  possible  aqueduct,  the  study  began  with  a  line  of 
open  canal,  similar  to  the  ordinary  water-power  canal  and  not  unlike  that 
proposed  by  Mr.  Fanning,  except  that  a  more  economical  type  of  retaining- 
wall  was  designed,  which,  although  cheaper,  has  been  well  tested  by  expe- 
rience. 

To  my  surprise,  by  a  comparative  study  of  cost  and  delivery  of  various 
sections,  taking  the  steep  side-hill  slopes  into  consideration  and  considering 
also  that  the  velocity  in  a  long  open  canal  in  the  severe  climate  in  which  this 
canal  would  have  to  be  operated,  is  limited  to  a  mean  velocity  for  the  entire 
section  of  not  exceeding  about  2.25  feet  per  second,  or  a  velocity  of  say,  2.50 
feet  per  second  at  the  surface  near  the  middle  of  the  stream,  by  the  tendency 
of  the  ice  to  break  up  and  form  gorges  under  certain  conditions  of  tempera- 
ture, snow  and  wind,  it  was  found  that  with  the  rate  of  fall  per  mile  available 
the  "  cut-and-cover  "  aqueduct  sections  shown  in  Appendix  No.  4  Figs.  60- 
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65,  with  their  greater  smoothness  of  wetted  permieter  and  greater  hydraulic 
efficiency  and  the  much  higher  mean  velocities  permissible  without  scour  or 
danger,  were  decidedly  more  economical  in  first  cost  of  construction  than  the 
cheapest  possible  open  canal. 

Considerable  personal  experience  irith  anchor  ice  also  convinces  me  that  this  masonry^ 
aqueduct,  covered  with  5  feet  of  earth,  drawing  from  a  proper  intake,  would  be  much  safer 
against  interruption  by  anchor  ice  than  any  possible  open  canal.  This  is  an  important  consider- 
ation, since  municipal  water  supply  is  Ult  more  exacting  as  to  safety  against  interruption  than 
supply  for  water-power. 

My  views  on  the  limiting  velocity  in  a  long  open  canal  for  water  supply,  which  led  to  the: 
abandonment  of  the  open  canal  with  masonry  walls  in  all  side-hill  work  in  favor  of  the  cut  and 
cover  aqueduct,  may  be  thought  too  conservative,  but  they  are  grounded  upon  my  practical 
experience  for  a  good  many  winters  on  a  large  water-power  canal,  where  there  was  ample  oppor- 
tunity to  study  the  breaking  up  of  ice  and  the  clogging  by  a  heavy  snow-fall  followed  by  extreme 
cold,  and  by  some  experience  with  another  water-power  canal  about  2  miles  long,  carrying  at  the 
rate  of  about  1,000  million  gallons  per  24  hours,  upon  which  I  have  had  occasion  to  study  ice- 
movement,  and  found  that  a  mean  velocity  of  a  little  above  2  feet  per  second  was  safe. 

Allowance  for  the  loss  of  area  due  to  ice  2  feet  thick  and  for  the  friction  of  the  increased 
wetted  perimeter,  adds  much  to  the  size  and  cost  of  a  long  open  canal.. 

Cut-and-cover  aqueduct  was  therefore  used  wherever  proper  ground  for 
it  could  be  found,  because  this  appears  to  be  the  cheapest  and  best  type  of 
aqueduct  yet  known,  except  that  an  open  canal  without  side  walls  is  the  cheap-^ 
est  through  a  level  plain  or  near  the  bottom  of  a  valley,  or  parallel  with  the- 
drainage  of  the  country,  as  from  Pawling  to  Milltown  Bridge.  This  aque- 
duct line  from  the  Adirondacks,  either  by  the  high  pressure  line  or  the  low- 
pressure  line  runs  almost  continuously,  across  the  drainage  of  the  country,, 
and  there  is  hardly  five  miles  in  the  whole  180  where  this  cheap  type  of  open 
canal  could  be  used. 

Basis  of  Estimating  Cost  of  Adirondack  Project. 

Diagram  No.  66  was,  therefore,  used  as  the  basis  of  the  following,, 
roughly  approximate  estimates  of  cost.  In  special  structures  for  crossing 
ravines,  in  assumptions  as  to  requirements  of  tunnel  lining,  in  regions  where 
some  schist  is  found  in  the  outcrop,  in  estimates  for  damages  for  land  and 
for  water  diverted,  and  in  cost  of  reservoirs,  these  figures  are  purpos/ely  on  a 
little  lower  scale  of  costs  than  my  estimates  for  the  Ten  Mile  development  or 
for  the  proposed  aqueduct  lines  from  Sodom  to  the  city  limits,  in  other  words, 
the  probable  cost  of  the  uncertain  features  was  not  so  exaggerated  as  for  the 
Pawling  Canal,  the  new  highways  in  Dover,  Kent,  etc.,  or  as  for  the  water 
diversion  damages  on  the  Housatonic. 

In  the  figures  of  the  following  table  the  tunnels  are  assumed  to  be  built 
of  full-size  from  the  start.  The  estimate  was  cheapened  by  omitting  the  arch 
from  the  tunnel  so  far  as  appeared  justifiable  from  notes  on  the  outcrops  of 
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ledges  and  noting  where  the  country  rock  was  granite  and  where 
schist.  Above  Pleasant  Valley  the  country  rock  does  not  look  favor- 
able for  low-cost  tunnels. 

Possible  Aqueduct  Location  West  of  Hudson. 

For  a  complete  study  of  the  aqueduct  possibilities  a  line  on  the  west  of 
the  Hudson  river  should  also  be  explored.  A  study  of  the  maps  indicates 
that  it  could  not  be  materially  shorter  than  the  one  which  we  reconnoitered 
and  that  the  only  hdpe  of  saving  would  be  in  the  possibility  of  finding  the 
cross  valleys  less  difficult,  the  tunnels  shorter  or  that  a  smaller  amount  of  steel 
pipe  could  be  used.  From  such  incomplete  maps  as  exist,  I  infer  that  the 
proportion  of  steel  pipe  and  of  difficult  work  would  be  larger.  There  is  no 
possibility  that  the  saving  could  be  enough  to  materially  affect  the  feasibility 
ci  the  project  or  its  cost  as  a  whole. 

Adirondack  Storage  Reservoirs. 

Proper  data  for  the  cost  of  such  work  as  would  be  required  to  prepare 
*he  basins  so  the  water  will  be  at  all  times  fit  for  domestic  supply  is  lacking 
and  in  the  brief  time  at  my  disposal,  I  have,  of  course,  had  no  time  to  do  much 
more  regarding  storage  than  to  utilize  the  description  and  estimates  given  in 
Mr.  Rafter's  very  interesting  report  to  the  State  Engineer  in  1895. 

Mr.  Rafter  then  having  water-power  and  navigation  in  view,  esti- 
mated that  to  develop  a  safe  yield  of  3,000  to  3,600  cubic  feet  per  second 
at  Glens  Falls,  or  4,500  cubic  feet  at  Mechanicsville,  in  a  year  of  unusual 
'drought,  but  not  so  severe  as  may  come  two  or  three  times  in  a  century,  would 
require  a  reservoir  capacity  of  45,593  million  cubic  feet,  and  that  this  could  be 
secured  and  constructed  at  an  average  cost  of  about  $60  or  $70  per  million 
cubic  feet,  which  is  a  reservoir  cost  of  less  than  $10  per  million  gallons  of 
-capacity.  On  page  172  of  the  New  York  State  Engineer's  Report  for  1895, 
Mr.  Rafter  estimates  the  entire  cost  of  the  proposed  Upper  Hudson  River 
Reservoir  System  at  about  2,600,000  as  prepared  for  water-power  pur- 
poses. 

Mr.  Rafter  estimates,  page  175,  that  with  the  exceptionally  advantageous 
rock  formation  existing  at  Hadley  Bridge,  the  proposed  Hadley  Reservoir, 
liolding  available  over  30  billion  gallons  at  the  outlet  of  1,642  square  miles  of 
ivatershed,  could  be  constructed  for  $360,000,  including  relocation  of  railroad. 
For  purposes  of  development  and  protection  for  domestic  water  supply  the 
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value  of  the  Pulp  Mill  near  by  would  have  to  be  added,  also  the  expenditure 
necessary  to  cut,  grub  out  and  bum  the  bushes  and  stumps  on  the  reservoir 
margins. 

The  cheapest  of  the  Croton  Reservoirs  has  cost  about  ten  times  this  rate 
per  million  gallons  and,  in  general,  the  superior  permanence  of  dam  and 
extra  cost  of  cutting  out  the  stumps  and  brush,  etc.,  from  the  bottom  of  a 
reservoir  for  domestic  water  supply,  will  make  it  cost  much  more  than  an 
ordinary  reservoir  for  water-power  or  lumbering,  on  which  more  chances  of 
failure  may  properly  be  taken  and  on  which  no  expensive  work  for  avoiding 
bad  tastes  in  waters  need  be  considered. 

If,  at  a  venture,  we  must  set  down  some  figure  for  the  cost  of  the  neces- 
sary dams  and  reservoirs  for  supplying  water  to  fill  the  several  sizes  of  aque- 
duct in  the  following  table,  it  may  be,  so  far  as  I  now  have  definite  knowledge, 
an)rwhere  from  three  million  to  five  million  dollars  for  the  500  million  gallon 
supply,  and  proportionally  more  for  the  1,000  million  gallons  per  day;  and 
this  cost  for  storage  reservoirs  would  be  still  more  if  "  compensation  reser- 
voirs "  are  provided,  in  the  effort  to  lessen  or  avoid  the  payment  of  heavy 
damages  on  account  of  injury  to  the  water-power  at  the  many  valuable  mills 
on  the  stream  below. 

"  Compensation  reservoir  "  is  a  term  used  to  denote  a  reservoir  built  for  the  purpose  of  provid- 
ing an  equivalent  of  the  water  diverted — compensation  by  water  instead  of  by  cash.  For  example, 
on  the  Adirondack  watershed  the  water  of  one  large  tributary  might  be  diverted  to  New  York 
without  injury  to  the  water  power  of  any  mill  owner  on  the  stream  below,  if  the  summer  or  low 
water  yield  of  another  tributary  should  be  augmented  by  the  discharge  from  a  compensation 
reservoir  of  a  volume  of  water  equal  to  that  diverted  ;  this  compensation  water  being  obtained  by 
the  storage  of  spring  flood  water  which  now  runs  to  waste . 

The  very  large  total  capacity  of  the  storage  reservoirs  that  can  be  cheaply  constructed  in  this 
Adirondack  watershed  may  make  it  possible  to  provide  reservoirs  large  enough  to  secure  a  flow 
suflicient  for  New  York's  largest  demands,  and  at  the  same  time  leave  tl%  summer  flow  in  the  river 
below  the  point  of  diversion  nearly  as  large  as  now. 

In  the  earliest  water  works  for  Boston  some  compensation  reservoirs  were  provided,  and  this 
method  of  compensation  is  understood  to  be  common  abroad,  but  has  seldom  been  followed  in  the 
United  States. 

Water  Diversion  Damages  on  Upper  Hudson.   . 

This  question  is  at  the  outset  complicated  by  the  considerations  that  if 
large  impounding  reservoirs  were  built  by  the  city  or  the  levels  of  some  of  the 
large  Adirondack  lakes  raised  and  controlled  by  dams  and  sluices  for  th^ 
storage  of  the  spring  flood  waters  and  if  no  more  water  were  drawn  into  the 
aqueduct  than  the  measured  outflow  from  these  new  reservoirs  less  their 
present  summer  flow,  no  taking  away  of  benefits  heretofore  enjoyed  would  be 
suffered  by  the  mill-owner,  but  a  gain  would  come  to  him  from  having 
the  flood  depth  reduced.  As  another  method  of  avoiding  damages  the 
entire  discharge  from  one  tributary,  as  from  the  proposed  dam  at   Hadley 
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Bridge,  or  perhaps  preferably  from  the  Schroon,  might  be  diverted  into  the 
aqueduct  without  injury  to  the  mills  below,  if  compensation  water  were  dis- 
charged meanwhile  from  reservoirs  on  other  tributaries  built  by  the  city  for 
this  purpose  of  keeping  up  the  present  rate  of  discharge  in  dry  months. 

It  is  rare  almost  to  the  point  of  being  unknown,  for  a  municipality  to 
divert  water  without  having  to  pay  heavy  damages,  and  the  chances  are  that 
with  troublesome  adverse  rights  acquired  in  the  stream  by  the  lumbermen, 
the  ideal  condition  of  compensation  in  kind  instead  of  in  cash,  considered 
above,  could  not  be  realized. 

To  make  our  estimate  a  safe  one  we  must,  therefore,  estimate  on  such 
procedure  as  commonly  prevails  and  assume  payment  for  water  diverted  as 
if  the  mills  had  proposed  to  develop  the  Adirondack  reservoirs  for  their  own 
benefit. 

First,  at  Hadley,  any  such  development  as  required,  would  necessitate 
the  purchase  and  removal  of  the  extensive  Pulp  Mill,  unless  the  point  of 
diversion  were  moved  upstream  by  extending  the  aqueduct  at  large  expense. 

Next,  at  Palmer's  Falls,  the  enormous  plant  of  the  International  Paper 
Company,  one  of  the  largest  in  the  world,  would  suffer  material  injury,  unless 
the  plan  of  compensation  reservoirs  prevailed. 

Next,  the  proposed  water-power  development  near  where  the  river 
breaks  through  the  Luzerne  Mountains  would  have  its  prospects  for  power 
injured,  for  it  is  understood  to  be  the  hope  of  all  these  mill-site  owners  that 
the  storage  reservoir  sites  of  the  Upper  river  are  eventually  to  be  developed, 
to  aid  navigation,  etc.,  and,  incidentally,  to  their  own  great  benefit  for  water- 
power,  and  it  would  doubtless  be  claimed  that  this  opportunity  for  developing 
storage  on  the  head  waters,  instead  of  being  one  for  the  Legislature  to  give  to 
the  city,  was  a  natural  advantage  and  right  appertaining  to  their  several  mill 
sites  which  could  not  be  extinguished  without  compensation. 

Amount  of  Hudson  Water-Power  Destroyed. 

Developed  Power: 

From  Mr.  Rafter's  Table  No.  12,  page  150,  Rept.  State  Engineer,  1895, 
it  appears  that  of  the  total  fall  of  455  feet  below  the  point  of  diversion,  about 
310  feet  is  already  in  use. 

Undeveloped  Power: 

A  company  is  being  promoted  at  the  present  time  to  build  a  very  high 
dam  a  few  miles  below  Palmer's  Falls,  near  where  the  river  breaks  through 
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the  Luzerne  Mountains,  and  utilize  perhaps  90  feet  out  of  the  140  feet  fall 
now  unused  between  the  pond  of  the  State  Feeder  Dam,  above  Glens  Falls, 
and  the  foot  of  Palmer's  Falls,  or  this  has  so  been  stated  to  me  as  the  avail- 
able fall  by  one  interested  in  the  project. 

Computation  of  Amount  of  Power  that  the  Water  Proposed  to  be  Diverted  Would 
Produce  if  Used  at  the  Present  and  Prospective  Mill  Sites  on  the  Hudson 
River  Below  Palmer's  Falls, 

M^f  k^>o^  ^^^^>— °^^^^^Q"  g^^^Q^s  X  8.33  ^bs.  per  gal,  x  3^0  ft-  ^^11  x  7^%  efficiency. 

86,400  seconds  per  24  hours  x  55^  foot  pounds. 


Million  Gallons  per  Day  to  be  Diverted. 

200. 

400. 

800. 

Developed  Sites — 

Net  horse-power  this  quantity    of   water   would  ) 
produce  at  mill  sites  already    developed,   if  > 
there  were  sufficient  turbines  (24  hour  power)..  ) 

8,000 

16,000 

32,000 

Undeveloped  Sites — 

Net  horse-power  this  quantity  would  produce  on  | 
90  feet  faU 

2,320 

4.640 

9,280 

Mr.  Rafter  computes  that  the  present  diversion  of  water  to  feed  the 
Champlain  Canal  at  Glens  Falls,  amounting  to  from  255  to  419  cubic  feet  per 
second,  equivalent  to  from  165  to  270  million  gallons  per  24  hours,  deprives 
the  mill-owners  at  Glens  Falls  and  below  of  water-power  that  has,  at  a 
moderate  estimate,  a  market  value  'of  $46,830  per  year,  and  is  equivalent  to 
about  4,683  horse-power,  24  hours  per  day,  and  (p.  159,  Report  of  State 
Engineer,  1895),  that  if  the  24-hour  water-power  had  to  be  replaced  by  steam 
power  at  the  several  sites,  the  extra  cost  to  the  mills  for  permanent  24-hour 
power  would  be  at  least  $40  per  horse-power  per  year. 

$10  per  year  is  5  per  cent,  on  $200. 
$40   "      "    "  5     "      "       "  $800. 

It  is  rare  that  actual  settlements  including  legal  expense,  for  developed 
water-power  taken  away  in  connection  with  the  development  of  a  public 
water-supply  are  less  than  $400  per  horse-power  of  12-hour  power;  for  small 
mills  in  populous  districts  the  awards  are  sometimes  much  more  than  this. 
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Value  of  this  Diverted  Power. 

If,  considering  that  this  diversion  is  not  felt  during  two-thirds  of  the 
year,  and  that  there  are  not  yet  turbines  at  some  of  the  dams  to  utilize  the 
whole  summer  flow,  and  making  some  allowance  for  possibility  of  compensa- 
tion water,  we  call  this  worth  on  the  average  $200  per  horse-power  for  the 
developed  and  half  this  or  $100  per  horse-power  for  the  undeveloped  power, 
we  arrive  at — 

For    200  million  gallons  per  day  diverted,  damages $1,880,000 

500      "  "         *'       "  "  "        4,700,000 

1,000      "  "         "       "  "  "        9,400,000 


If  the  reasonable  method  of  payment,  in  part,  at  least,  by  the  construc- 
tion of  compensation  reservoirs  did  not  prevail,  and  if  the  damages  were  to 
be  figured  on  the  steam-substitution  basis  the  damages  might  be  very  much 
larger  than  computed  above,  perhaps  double  that  amount. 

As  showing  the  upper  limit  toward  which  the  dama^^es  for  that  part  of  the  power  already  in 
use  might  tend  under  the  pleading  of  ingenious  counsel,  Mr.  Rafter's  statement  might  be  quoted 
from  the  report  of  the  State  Engmeer  already  referred  to,  where  he  estimates  that  the  extra  cost 
of  steam  power  over  water  power  in  this  particular  locality,  for  the  24  hour  power  required  by 
pulp  and  paper  mills,  is  $40  per  horse-power  per  year.  If  the  season-  of  damage  of  the  low-water 
penod  be  assumed  to  continue  during  half  the  year  (he  annual  cost  of  substitution  on  this  basis 
would  be  somewhat  more  than  $20  per  net  horse-power  per  year,  which  capitalized  at  4  per  cent, 
gives  a  value  of  $coo  for  each  horse-power  diverted  from  turbines  already  in  use. 

There  have  been  various  instances  of  diversion  damages  in  the  case  of  water  taken  for 
municipal  supply  costing,  together  with  ihe  attendant  expenses  of  trial,  counsel  and  witness  fees, 
even  more  than  this,  therelore  I  do  not  consider  that  smaller  values  can  fairly  be  used  in  our 
rough  preliminary  estimate  than  those  adopted  in  Table  No.  73,  notwithstanding  that  this  power 
is  not  yet  fully  developed  and  that  in  all  cases  the  diversion  would  cause  real  injury  during  only 
a  fraction  of  the  year. 

The  final  estimate  showing  the  probable  cost  of  water  rights,  collection, 
storage  and  transportation  of  this  Adirondack  water  is  given  in  Table  No.  9 
of  the  main  report. 

Low-Pressure  Aqueduct  Line. 
A  study  for  an  aqueduct  line  at  a  lower  level  was  made  over  part  of  the 
course,  but  the  tunnels  east  of  Peekskill  were  longer  than  for  the  high  press- 
ure and  the  saving  in  cost  due  to  the  greater  declivity  did  not  appear  large 
enough  to  recommend  that  line,  and  if  the  Adirondack  project  is  to  be  enter- 
tained, I  consider  it  certain  that  the  deliverv  at  the  citv  limits  should  be  estab- 
lished  at  an  elevation  not  less  than  300  feet  above  the  sea,  the  same  as  pro- 
posed for  the  Ten  Mile  and  Housatonic  plan. 
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Conclusions  on  Adirondack  Source. 

Summing  up  the  Adirondack  proposition,  it  can  be  set  down  as  a  cer- 
tainty that  an  abundant  supply  of  most  excellent  water  for  New  York  could 
be  obtained  from  this  source,  but  this  source  cannot  compete  successfully 
with  several  other  sources  because  of  the  great  expenditure  necessary  before 
even  the  first  200  million  gallons  could  be  delivered. 
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A  Water  Supply  to  New  York  City  from  Lake  George. 

Lake  George  has  also  been  often  suggested  as  a  source  of  supply  for 
New  York  City.  This  is  an  utterly  hopeless  source,  because  its  drainage 
area,  and,  therefore,  the  volume  of  water  that  can  be  drawn  off,  is  much  too 
small.  The  watershed  of  Lake  George,  according  to  the  Census  Report  of 
1880  on  Water-power,  is  238  square  miles.  This  is  confirmed  by  tracing 
and  planimetering  the  area  on  the  more  recent  maps  of  the  Geological  Sur- 
vey, from  which  the  drainage  area  is  found  to  be  235  square  miles.  Its  area 
of  water  surface  by  planimeter  on  map  is  45  square  miles.  Raising  the  dam 
at  its  outlet  so  as  to  secure  a  rise  and  fall  of  7  feet,  would  give  a  storage  of 
243,000,000  gallons  per  square  mile,  and  thus  by  the  Sudbury  Diagram,  Fig- 
ure 49,  afford  800,000  gallons  per  square  mile  per  day  from  its  190  square 
miles  of  net  land  surface,  or  a  total  yield  in  a  dry  year  of  152  million  gallons 
per  day. 

This  is  too  small  a  quantity  to  warrant  going  so  far  to  seek.  Moreover, 
the  elevation  is  inadequate  to  deliver  it  in  New  York  through  the  necessarily 
long  aqueduct  line  at  an  elevation  sufficient  to  avoid  pumping.  The  eleva- 
tion of  Lake  George  is  323  feet  above  the  sea,  or  222  feet  lower  than  the 
Hudson  at  the  point  of  diversion  proposed  in  the  Adirondack  plan.  More- 
over, an  aqueduct  line  to  New  York  from  Lake  George  would  be  7  miles 
longer  than  an  aqueduct  from  the  Adirondack  watershed  at  Corinth. 

The  Census  Report  on  Water-power,  1880,  Volume  16,  Part  i,  page 
406,  estimates  minimum  flow  as  now  controlled  by  the  Lake  George  Dam 
as  ordinarily  330  cubic  feet  per  second.*  This  is  equivalent  to  215  million 
gallons  per  24  hours;  and  the  average  flow  for  the  year  is  estimated  by  the 
census  report  at  450  cubic  feet  per  second,  equivalent  to  290  million  gallons 
per  24  hours. 

Lake  George  should  be  permanently  dismissed  from  consideration  as 
a  source  of  supply  for  New  York  City  as  being  beyond  even  the  most  remote 
possibility. 

The  Great  Lakes, 

The  simplest  measurement  on  a  map  like  Figure  i,  shows  that  any 
conduit  to  Lake  Ontario  would  be  very  much  longer  than  the  conduit  to  the 
outlet   of  the   Adirondacks,   and   as   the  main  expense  of  the  Adirondack 


*  This  estimate  is  larger  than  that  stated  above  because  of  being  on  the  basis  of  water  power 
and  less  conservative  in  regard  to  extreme  drought  than  is  required  in  estimating  the  safe  yield 
for  purposes  of  public  water  supply. 
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project  is  in  the  conduit,  any  Great  Lakes  project  is  far  outside  the 
limits  of  reasonable  propositions.  Moreover,  while  the  Adirondack  water  is 
taken  at  an  elevation  540  above  sea,  water  from  Lake  Ontario  would  require 
enormous  expenditure  for  overcoming  friction  of  the  long  line  of  aqueduct 
and  for  maintaining  the  head  at  the  point  of  delivery. 
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Sources  in  Southern  New  York,  West  of  the  Hudson. 

The  Ramapo  River  and  the  Delaware  River  Tributaries, 

Unfortunately,  the  excellent  topographical  maps  of  the  U.  S.  Geological 
Survey,  made  in  co-operation  with  the  State  of  New  York,  as  yet  cover  a 
very  small  part  of  this  region,  and  any  work  of  reconnaissance  for  water 
supply  on  a  large  scale  is  very  slow  without  them;  indeed,  it  would  be 
profitable  for  New  York  City  to  add  double  to  the  State's  small  annual 
appropriation  for  these  maps,  in  order  to  have  them  complete  before  Janu- 
ary I,  1901,  for  all  regions  in  which  water  can  be  reasonably  sought. 

Obviously,  I  was  unable  to  personally  explore  all  of  the  above  possi- 
bilities in  the  brief  time  at  my  disposal,  but  that  we  might  be  certain  of  the 
possibiHties  in  a  general  way,  detailed  one  of  my  assistants  to  obtain  the  eleva- 
tions along  the  railroad  lines  and  follow  along  the  important  streams  looking 
for  sites  for  storage  reservoirs.  He  spent  about  two  weeks  in  a  diligent 
examination  along  the  Mahwah,  Ramapo,  Wallkill,  Neversink,  Basher's  Kill 
and  other  tributaries  of  the  Delaware;  provided  with  the  best  county  and 
township  maps  that  could  be  obtained,  driving  over  the  roads  nearest  the 
streams  and  making  diligent  enquiry  from  those  familiar  with  the  country, 
and  examining  the  most  promising  points. 

Obviously,  so  brief  an  examination  could  not  be  satisfactory  and  the 
region  perhaps  merits  some  further  reconnaissance  aided  by  some  hasty 
levels  and  stadia  work,  more  for  the  sake  of  completenjss  and  to  be  able  to 
say  that  all  possible  sources  have  been  explored  than  for  following  up  any 
hopeful  indications. 

Personally,  from  a  study  of  the  maps,  the  geological  reports,  the  railroad 
levels  and  such  information  as  this  brief  exploration  developed,  I  feel  already 
well  assured  that  this  region  offers  no  source  that  can  possibly  equal  the  Ten 
Mile  or  several  of  the  other  sources  explored. 

The  nearer  streams,  the  Ramapo  and  the  Mahwah,  also  the  more  distant 
Neversink,  the  Basher's  Kill,  the  Mongaup,  and  the  various  other  branches 
of  the  Delaware,  all  present  the  same  questions  of  interstate  rights  that  are 
found  in  the  diversion  of  the  Ten  Mile  river. 


Yield  of  Ramapo  River,  Etc. 
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Safe  Yield  of  the  Ramapo  River, 

This  watershed  having  been  often  advocated  in  years  past  as  available  for 
a  water  supply  to  New  York  will  be  first  discussed. 

It  appears  at  present  that  the  foremost  difficulty  about  obtaining  this 
water  is  that  New  Jersey  cities  are  liable  to  need  it  in  future  for  domestic 
supply,  and  that  all  the  questions  of  the  right  to  divert  an  interstate  river 
would  probably  be  raised  in  their  strongest  form  and  with  very  much  less 
chance  of  being  overcome  than  in  the  case  of  the  Ten  Mile  river,  where  the 
question  is  mainly  one  of  compensation  for  power. 

There  has  been  some  tendency  to  overestimate  the  safe  yield  of  the 
Ramapo  river,  both  separately  and  in  combination  with  the  Mahwah.  In 
the  estimates  for  Brooklyn  made  in  1896,  to  obtain  the  100  million  gallons 
per  day  then  sought,  there  were  added  to  the  Ramapo  and  Mahwah  the 
following  outside  areas  (taking  reservoir  locations  as  shown  on  Plate  2) : 

(See  Report  on  Future  Extension  of  the  Brooklyn  Water  Supply  transmitted  to  the  Common 
Council,  January  31,  1896.) 

Drainage  area  from  head  of  the  Moodna 1.12  square  miles. 

Wanaque 13-84 

Wallkill 25.43 


"        "         "       "     "    Wanaque 13.84 

<<  ft  it  tt         "      (f     ixr-.iii_:ii  ^-.   ^«  «  " 


Total   40.39 

The  reservoirs,  dams  and  points  of  diversion  of  these  Wallkill  branches  are  entirely  outside 
the  State  of  New  York. 

It  is  to  be  feared  that  the  right  to  divert  the  13.8  square  miles  of  drainage  area  noted  above 
from  the  Wannaque  would  be  particularly  difficult  to  obtain  because  it  is  tributary  to  the  Passaic 
and  is  one  of  the  sources  upon  which  the  East  Jersey  Water  Company  possibly  may  have  to  rely 
for  future  growth. 

The  area,  as  shown  by  the  reservoir  locations  on  Plate  No.  3  of  the 
Brooklyn  report,  to  be  taken  from  the — 

Ramapo  river  was,  by  the  map,  only 73-97*  square  miles. 

Mahwah     "       "      "     "      "        "  19.80 


Total  of  Ramapo  and  Mahwah 93-77 

Total  found  by  remeasuring  of  all  the  water- 
sheds areas  combined  in  the  Brooklyn 
estimate  of  1896 I34-t6 

Somehow,  probably  through  accidental  error,  the 
footing  in  the  Brooklyn  report  (p.  46),  shows  as 150.11 

— an  overestimate  of  about 16 


«  (t 


it  it 


((  ({ 


t€  it 


*  In  Table  No.  75,  page  49S,  the  area  that  might  be  taken  from  the  Ramapo  River  is  increased 
by  a  proposed  dam  above  Ramapo  to  84.27  square  miles.  This  dam  was  not  contemplated  in  the 
Brooklyn  Report. 
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It  was  estimated  in  this  Brooklyn  reconnaissance  of  1896  that  the 
Ramapo  river,  with  the  neighboring  small  watersheds  on  the  Mahwah, 
Wallkill,  Wanaque  and  Moodna,  as  noted  above,  could  be  relied  upon 
with  safety  for  100  million  gallons  per  day,  and  that  entire  cost  of  structures 
and  rights  for  gathering,  storing  and  delivering  this  into  Ridgewood  Reser- 
voir would  amount  to  only  $14,930,206  (see  p.  47,  Brooklyn  report). 

Taking  from  the  Brooklyn  estimate  all  items  of  cost  from  the  source  over 
to  a  point  on  the  pipe  line  opposite  to  the  Park  Hill  Reservoir  now  proposed, 
I  find  these  items  to  aggregate  about  $11,600,000  (these  items  do  not  in- 
clude any  allowance  for  a  reservoir  like  that  now  proposed  at  Park  Hill). 

Revised  Estimates  on  Ramapo  River  Supply, 

From  a  careful  study  of  this  Brooklyn  Report  of  1896  in  connection 
with  the  maps  of  the  U.S.  Geological  Survey,  the  maps  of  the  New  Jersey 
Geological  Survey,  and  C.  C.  Vermeule's  Report  on  the  Water-power  of 
New  Jersey,  I  am  led  to  believe  that  the  drainage  areas,  reservoirs  and 
canals  as  proposed  in  this  Brooklyn  report  could  not  safely  be  relied  upon 
in  a  series  of  years  of  low  rainfall  to  deliver  over  73  million  gallons  per  day, 
instead  of  the  100  millions  then  supposed  safe,  and  that  to  construct  the 
works  delivering  this  73  million  gallons  at  the  city  limits,  would  cost  consid- 
erably more  than  then  estimated,  or  probably  not  less  than  $15,000,000, 
instead  of  $11,600,000  for  the  sources  and  the  aqueduct  as  far  as  Park  Hill. 

This  smaller  yield  and  larger  cost  rest  mainly  upon  the  folloveing  matters  of  fact,  which  are 
open  to  any  one  who  will  carefully  study  the  Brooklyn  Report  and  the  maps  : 

The  said  report  forms  such  a  prominent  public  record  and  has  so  often  been  quoted  that  an 
explanation  of  the  difference  in  the  two  estimates  appears  proper. 

1st.  The  contour  maps  of  the  U.  S.  Geological  Survey  and  those  of  the  Geological  Survey  of 
New  Jersey,  and  the  table  in  page  171  of  Mr.  C.  C.  Vermeule's  Report  on  the  Water- 
power  of  New  Jersey  ;  also  Map  No.  3  of  the  Brooklyn  Report,  all  concur  in  showing 
the  aggregate  drainage  area  and  some  of  the  tributary  areas  to  be  somewhat  smaller  than 
quoted  in  said  report,  and  apparently  the  area  tributary  to  some  of  the  small  storage 
ponds  is  twice  counted  in  said  report. 
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2d.  A  large  proportion  of  the  main  river  is  so  poorly  provided  with  storage  capacity  at  its  law^r 
end,  that  in  floods  much  of  the  water  would  escape  over  the  Augusta  Dam,  and  a  large 
portion  of  the  storage  near  the  head  waters  has  so  small  a  tributary  watershed  that  it  will 
refill  very  slowly  when  emptied.  No  means  is  apparently  provided  by  which  a  flood 
discharge  on  the  main  river  could  be  conveyed  into  the  large  Mahwah  Reservoir. 

3d.  While  the  estimates  for  cost  of  storage,  $4,000,000,  page  47  of  the  Brooklyn  Report,  may  be 
intended  to  cover  the  following  items,  the  text  would  imply  that  they  had  not  been 
included.  It  will  be  noted  that  the  capacity  of  all  four  artificial  reservoirs,  Mahwah, 
Augusta,  Stony  Brook  and  Round  Pond,  is  estimated  at  a  total  of  about  20.574  million 
gallons,  and  that  on  page  16  it  is  stated  that  cost  of  storage  was  assumed  at  $200  per 
million  gallons.  20,000  mil.  gal.  @  $200  —  $4,000,000.  This  apparently  makes  no 
account  of  the  eight  natural  ponds  of  3,890  million  gallons  and  three  artificial  reservoirs 
of  available  capacity  of  3,980  million  gallons,  that  are  to  be  flowed  and  drawn  from  5  to 
40  feet  in  depth,  and  apparently  makes  no  account  of  the  four  reservoirs  proposed  on  the 
headwaters  of  the  Wallkill,  of  a  total  capacity  of  2,345  million  gallons  (on  page  167 — 
Vermeule — it  is  stated  that  the  water-power  of  this  stream  was  once  very  fully  developed 
for  iron  furnaces,  but  very  little  is  at  present  in  use). 

It  is  not  clear  that  the  cost  of  the  14-mile  pipe  for  conveying  the  27  million  gallons 
from  these  Wallkill  tributaries  into  Little  Long  Pond  is  included,  or  that  the  very 
remarkable  system  of  side-hill  canals,  17  miles  in  total  length,  shown  on  Map  No.  3,  or 
the  I -mile  tunnel  from  Ramapo  to  Mahwah  Reservoir,  are  duly  allowed  for.  It  is  open 
to  serious  question  if  this  figure  of  $200  per  million  gallons  allowed  in  the  report  tor 
storage  cost  will  coverall  this,  in  addition  to  the  numerous  small  reservoirs,  or  even  cover 
the  cost  of  the  four  main  reservoirs  alone. 

It  must  also  be  remembered  that  steel  plate  for  the  long  pipe  line  is  very  much 
higher  now  than  when  this  Brooklyn  estimate  was  made. 

4th.  Under  the  hydraulic  grades  as  given  in  the  Brooklyn  report  (about  2.80  feet  per  mile),  the 
two  steel  pipes,  5  feet  2  inches  in  diameter,  if,  after  a  few  years^  use  they  were  lound  to 
have  the  same  coeflicient  of  flow  as  the  East  Jersey  pipe  above  Pompton,  would  convey 
only  about  70  or  75  million  gallons  per  24  hours,  instead  of  the  100  million  gallons  that 
would  be  delivered  by  a  new,  clean  pipe. 

Comparative  Rainfall  and  Stream  Flozv  in  Ramapo  District. 

I  am  unable  to  find  any  long-term  rainfall  records  especially  applicable 
to  the  Ramapo  Watershed.  The  best  data  bearing  on  this  question  appears 
to  be  that  in  Mr.  C.  C.  Vermeule's  admirable  report  on  the  Water-power  of 
New  Jersey.  In  the  Brooklyn  Report,  page  41,  is  a  general  statement  to  the 
effect  that  the  annual  rainfall  on  the  Ramapo  is  "  given  as  44  inches,"  which 
is  the  same  figure  referred  to  in  connection  with  the  Ten  Mile  Watershed, 
and  on  page  42  of  the  Brooklyn  Report  is  the  further  statement  that  "  The 
Ramapo  Watershed  is  rocky,  with  steep  slopes,  which  quickly  carry  off  the 
rainfall."  This  last  statement  is  well  borne  out  by  a  study  of  the  contour 
map. 
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While  with  this  kind  of  a  watershed  the  per  cent,  of  run-off  to  rainfall 
may  be  high,  as,  for  example,  found  by  Mr.  Herschel  for  a  few  years  on  the 
Pequannock  (see  Trans.  Am.  Soc.  C.  E.,  1892,  vol.  2,  p.  288),  this  very 
steepness  and  imperviousness,  or  lack  of  sponge-like  storage  quality  in  the 
ground,  of  itself  increases  the  requirement  for  a  large  volume  of  artificial 
storage  reservoir  capacity,  if  this  water  is  to  be  held  back  and  delivered  at  the 
slow,  uniform  rate  required  for  domestic  water  supply.  Conversely,  if  this 
ample  storage  volume  is  not  provided,  the  floods  will  largely  waste  over  the 
spillways  of  the  dams  and  the  safe  yield  of  the  system  in  time  of  drought  be 
small,  notwithstanding  its  high  per  cent,  of  runoff  and  an  abundant  total 
annual  rainfall. 

Principally  for  this  reason,  after  having  compared  the  gaugings  of  flow 
of  the  Ramapo  river  and  its  rainfall,  given  in  Mr.  Vermeule's  report,  with 
the  rainfall  and  yield  of  the  Croton  and  Sudbury  for  the  same  period,  and 
having  regard  also  to  the  rain  gauges  at  Lake  Hopatcong,  as  representing 
the  precipitation  in  this  highland  region,  I  am  led  to  believe  that  for  the 
present  purpose  of  reconnaissance  the  Sudbury  Diagram,  Figure  49  or  the 
Croton  Diagram,  Figure  48,  of  the  present  report,  gives  as  favorable 
a  view  of  yield  corresponding  to  a  given  storage  volume  per  square  mile 
as  it  i%  safe  to  entertain  for  the  Ramapo  region  when  estimating  the 
safe  yield  in  the  greatest  drought  of  half  a  century  for  purposes  of  domestic 
water  supply. 

It  is  but  fair  to  state  that  the  iii^nres  of  monthly  flow  for  a  dry  year  given  by  Mr.  Vermeale, 
page  129,  for  a  New  Jersey  highland  stream,  give  a  larger  annual  run-off  than  that  of  the  Sndbury 
in  1880,  while  giving  substantially  the  same  rate  of  flow  for  the  five  dryest  mpnths.  Mr. 
Vermenle^s  estimate  of  stora^^e  requirement  to  produce  a  uniform  flow  of  666,000 '^Uons  per 
square  mile  daily  is  1 2 1.6  million  gallons  storage  per  square  mile.  The  Sudbury  requirl^ment  for 
606,000  gallons  daily  per  square  mile  is  130  million  gallons  storage  per  square  mile,  or  no^nateri- 
ally  different,  and  by  the  Croton  diagram,  Fig.  48,  the  requirement  is  about  120  million  ga^ons  of 
storage  or  practically  just  the  same  as  Mr.  Vermenle's  estimate. 

Taking  the  drainage  areas  from  the  map  and  storage  volumes  as  they 
stand  in  Table  No.  2  of  the  Brooklyn  report  and  computing  the  yield  of 
each  subdivision  in  proper  relation  to  the  storage  upon  it,  we  find  that. the 
entire  Ramapo  and  Mahwah  drainage  areas  of  93.77  square  miles  would 
under  the  same  rainfall  and  ground  flow  as  that  of  Sudbury  in  1 880-1 883, 
yield  only  about  52  million  gallons  per  day,  which  is  only  554,000  gal- 
lons per  square  mile,  instead  of  the  705,000  assumed  as  safe  in  the  Brooklyn 
estimates,  or  only  79  per  cent,  as  much.  The  report  made  to  me  by  an  assist- 
ant engineer,  upon  the  topographical  conditions  above  Ramapo  Village,  indi- 
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cates  that  by  a  greater  expenditure,  it  is  possible  to  recover  a  part  of  this 
discrepancy  and  to  divert  10.3  square  miles  more  of  drainage,  between 
Augusta  and  Ramapo,  which  apparently  was  not  utilized  in  the  Brooklyn 
project,  but,  in  view  of  other  pressing  matters  and  the  small  probability  that 
this  source  would  become  available,  the  field  investigation  was  not  carried 
farther. 

Storage  of  Ramapo  Flood  Water. 

Changing  the  plan  of  development  slightly,  so  as  to  put  the  Ramapo 
project  on  the  best  possible  footing  by  conveying  the  surplus  flood  water  of 
the  main  stream  into  the  great  Mahwah  reservoir  for  storage : 

If  a  dam,  say,  100  feet  high,  half  a  mile  above  Ramapo  Village,  could  be 
allowed  in  addition  to  or  instead  of  the  proposed  Augusta  Reservoir,  it  would 
be  practicable  to  construct  such  a  flood  water  canal  and  tunnel  of,  say,  600 
million  gallons  daily  capacity,  if  given  a  slope  of  12  feet  per  mile  and  made 
of  13.2  feet  diameter,  for  about  $400,000  per  mile,  lined  and  arched,  or  the 
two  miles  of  flood  water  tunnel  needed  from  Ramapo  to  Mahwah  could  be 
built  for  about  $800,000. 

As  showing  how  large  this  tunnel  would  need  to  be  to  convey  the  flood  waters  into  storage, 
we  note  on  the  Croton  Watershed  that  a  depth  of  5  feet  over  the  Old  Croton  Dam  is  so  extremely 
rare  that  anything  above  could  be  allowed  to  waste  without  material  effect  on  the  storage  vake, 
and  to  waste  all  over  4  feet  would  not  cause  very  serious  loss.  The  Ramapo  is  probably  a  more 
**  flashy  "  watershed  than  the  Croion. 

From  a  study  of  the  Croton  flood  records  and  in  proportion  to  the  respective  watersheds,  a 
capacity  of  600  million  gallons  per  24  hours  appears  an  appropriate  size  for  a  flood  water  channel 
from  the  Ramapo  river  into  the  proposed  Mahwah  Reservoir,  considering  that  the  small  reservor 
at  Augusta,  holding  2,873  ^niHion  gallons,  and  also  the  proposed  diversion  dam  above  Ramapo 
Village*  would  each  aid  as  an  equalizer.  The  tunnel  could  with  safety  be  given  the  above  men- 
tioned declivity  of  12  feet  per  mile,  considering  its  intermittent  use  at  full  capacity,  for  the  velocity 
in  it,  due  to  this  great  declivity,  would  be  less  than  the  velocity  in  the  tail  race  tunnel  at  the 
Niagara  water-power. 

Only  by  allowing  for  the  cost  of  such  a  tunnel  and  a  diversion  dam  near 
Ramapo,  does  it  appear  justifiable  to  reckon  the  safe  delivery  of  the  Ramapo 
river  itself  at  the  high  figure  of  700,000  to  750,000  gallons  per  day  per  square 
mile;  but,  with  this  expensive  addition  of  large  tunnel  and  high  diversion 
dam,  we  might  be  justified  in  reckoning  the  safe  yield  from  the  104  square 
miles  of  the  Ramapo  and  Mahwah  at  65  to  70  million  gallons  per  day;  and 
if  (as  appears  not  at  all  probable),  the  water  from  the  little  Wanaque  tribu- 
tary and  the  Wawayanda  and  Long  House  Creek  could  be  taken  in,  the 
whole  yield  might  perhaps,  by  means  of  these  additional  structures  and  the 
larger  area,  be  brought  up  somewhere  near  to  the  100  million  gallons  per 
day  at  first  estimated. 


Yield  of  Ramapo  River,  Etc.  497 

The  Ramapo  and  Mahwah  are  much  too  small  to  furnish  the  supply  now 
needed  for  Greater  New  York  and  would  provide  for  hardly  more  than  five 
years'  growth  of  Manhattan  and  The  Bronx,  without  regard  to  Brooklyn. 

In  the  following  computation  it  is  assumed  that  the  dam  sites  are  safe 
and  impervious;  this  being  a  matter  not  investigated  by  me. 
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SPO.  Appendix  No.  13/ 

Other  Watersheds  West  of  the  Hudsmi  at  Suitable  Elevation  to  Deliver  a  Gravity 
Supply  to  New  York  at  300  Feet  Head  Above  Sea  Level  at  City  Limits. 

The  Ramapo  river  and  the  small  watersheds  adjoining,  have  been 
already  considered  by  themselves,  because  of  their  having  been  separately 
discussed  in  previous  reports,  and  indeed  it  still  appears  that  if  these  were 
to  be  brought  to  New  York  they  could  best  be  conveyed  in  a  conduit  built  for 
them  alone,  and  apart  from  other  supplies. 

Taking  now  a  broad  view  of  the  whole  territory  west  of  the  Hudson  and 
within  reach  of  New  York  to  see  what  hopeful  possibilities  in  w^ater  sources 
it  may  contain,  we  are  at  the  outset  embarrassed  by  the  absence  of  any  good 
topographical  maps.*.  We  can,  however,  make  substantial  and  rapid  progress 
in  our  inquiry  in  seeking  a  source  of  water  worthy  of  consideration  for  the 
supply  of  New  York  by  attention  to  a  few  general  principles. 

Mrst — We  must  seek  natural  watercourses  draining  large  areas.  The  only  original,  perennial 
source  is  the  rainfall  ;  the  rainfall  on  any  hundred  square  miles  in  New  York  State  is 
pretty  much  the  same,  and  the  total  annual  run-off,  anywhere  in  the  region  to  be  con- 
sidered, will  probably  be  not  very  far  from  half  of  the  total  annual  rainfall. 

However  fortunate  in  storage  reservoirs  a  stream  may  be,  a  safe  yield  so  large 
as  a  million  gallons  per  day  per  square  mile  in  extreme  drought  is  practically 
unknown,  and  if  we  need  ultimately  500  million  gallons  per  day,  we  must  find  watersheds 
aggregating  from  700  to  2,000  or  more  square  miles  according  to  the  reservoir  sites. 

5.ff <?«</— Opportunity  for  the  economical  construction  of  enormous  storage  reservoirs  is  hardly- 
less  important  than  great  drainage  area.  Without  storage  reservoirs  the  safe  yield  of 
the  Croton  would  be  less  than  50  million  gallons  per  day,  while,  with  its  200  millioD 
gallons  of  storage  per  square  mile,  iis  safe  yield  will  be  more  than  sixfold  the  natural 
low- water  yield,  perhaps  tenfold. 

Third — It  is  very  desirable  that  the  elevation  of  the  stream  at  the  point  of  diversion,  either  now 
or  after  the  dam  is  built,  should  be  such  that  the  water  can  flow  to  New  York  by 
gravity  without  pumping,  and  be  delivered  at  the  city  limits  at  an  elevation  of  300 
feet  above  the  sea. 

From  the  existing  maps  the  w-atershed  areas  can  be  measured  with  all 
the  precision  needed  for  these  preliminary  studies. 

The  information  not  given  by  the  present  maps,  but  which-  would  be 
given  by  the  regular  topographical  maps  now  slowly  in  progress,  and  which 
we  so  much  need,  concerns  the  broad  valleys  that  could  be  dammed  up  to 


♦The  excellent  topographical  maps  made  under  the  joint  authority  of  the  New  York  State 
Engineer  and  the  United  States  Geological  Survey  have  only  touched  the  edges  of  this  region. 
To  gain  information  about  the  elevation  of  the  principal  valleys,  the  Chief  Engineers'  offices  of 
several  of  the  railroads  were  visited,  and  profiles  were  very  courteously  furnished  us.  The 
admirable  geological  surveys  of  the  State  of  New  Jersey  were  of  much  aid  alone  near  the  south- 
ern border  of  New  York.  The  Chief  Geographer  of  the  United  States  Geological  Survey  very 
kindly  furnished  us  with  an  advance  proof  of  the  Schunemunk  Quadrangle  covering  a  consider- 
able part  of  the  Moodna  Watershed.  The  topographical  maps  already  issued,  although  they 
give  but  a  narrow  strip  along  the  Hudson,  were  also  found  of  much  use.  As  elsewhere  stated,  it 
would  pay  for  New  York  City  to  add  to  the  State's  appropriation  if  need  be,  to  rush  the  comple- 
tion of  these  topographical  maps  for  all  regions  in  which  water  may  be  sought. 
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form  storage  reservoirs,  and  the  elevations  of  the  valleys  above  sea  level.  We 
therefore  sought  this  information  by  such  inspection  and  reconnaissance  with 
aneroid  barometer  as  the  time  afforded.  ; 

When  making  the  preliminary  study  from  maps,  after  the  possible  water- 
shed has  been  found  and  its  possible  reservoir  sites  picked  out,  then  there 
remains  the  question  of  the  practicability  of  dams,  the  tightness  of  substrata 
and  the  questions  of  swamp  water,  algae  and  pollution. 

The  data  already  available  gives  enough  positive  information  so  that 
we  can  quickly  cut  out  certain  watersheds  as  hopeless  and  can  mark  others  as 
hopeful  and  worthy  of  examination  in  the  field.  The  outlook  from  the  office 
study  of  the  maps  is  commonly  more  hopeful  than  the  results  of  the  field 
examination  when  questions  of  safety  and  difficulty  of  dam  sites,  volume  of 
storage,  extent  of  shallow  flowage  and  quality  of  water  come  more  promi- 
nently into  view. 

From  the  very  fact  of  incompleteness  of  our  studies  in  this  region  there 
will  thus  be  a  natural  tendency  to  take  too  hopeful  a  view  of  the  possibilities 
unless  this  is  carefully  guarded  against,  and  even  then  it  may  come  in. 
Therefore,  we  may  feel  doubly  zvell  assured  that  having  found  by  our  study  of 
maps  and  our  incomplete  reconnaissance  that  ez'cry  one  of  the  possible  watersheds 
west  of  the  Hudson  is  less  favorable  than  the  Housatonic  project,  without  further 
delay  and  without  fear  of  mistake  zve  may  at  once  make  earnest  effort  to  secure 
a  clear  title  to  the  Housatonic  source,  meanwhile  continuing  investigation  of 
the  sources  west  of  the  Hudson  only  for  the  purpose  of  saving  time,  in  case 
the  legislative  difficulties  in  the  way  of  the  Housatonic  should  not  be 
promptly  solved  or  the  price  asked  be  found  too  high. 

Turning  now  to  Map  No.  i  (frontispiece),  or  preferably  to  a  general  map 
on  a  larger  scale,  and  studying  the  possibilities  in  the  light  of  the  principles 
mentioned  above,  we  note  first  that  the  elevation  of  many  broad,  abundant 
watersheds  is  entirely  suitable  for  the  delivery  of  their  water  to  New  York 
City  at  elevation  300  by  gravity  flow. 

The  slope  of  the  New  Croton  Aqueduct,  0.70  feet  per  mile,  may  be 
regarded  as  about  the  smallest  that  economy  will  permit — 2.0  feet  per  mile, 
if  obtainable,  is  much  more  economical  in  aqueduct  cost,  as  will  be  noted  by 
a  study  of  Diagram  No.  66. 

From  the  map  and  the  railroad  profiles  it  will  be  found  that  nearly  all 
of  the  large  drainage  systems  in  southern  New  York,  west  of  the  Hudson, 
can  be  tapped  at  points  of  suitable  elevation  to  allow  for  an  aqueduct  slope  or 
declivity  of  more  than  one  foot  per  mile  and  have  the  delivery  end  at  eleva- 
tion 300. 
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B^omng  at  the  New  Jersey  line  and  proceeding  west  and  then  north  we  note  : 

First — The  .Mahwah  liver  at  Suffem,  and  the  Ramapo  river  at  Ramapo,  are  each  at  about 
elevation  320,  and  but  little  more  than  20  miles  from  the  city  limits,  and  with  the 
raising  by  dams  would  readily  afford  the  required  elevation. 

Second- — The  Wallkill,  the  next  important  stream  met  in  going  westward,  has  an  elevation  not  far 
from  400  feet  above  sea,  where  it  flows  northward  across  the  New  Jersey  line,  aod  con- 
tinues a  swampy,  sluggish  stream  with  but  little  less  elevation  down  as  far  Phillips- 
bnrgh.  So  that  so  far  as  quantity  is  concerned,  it,  with  its  tributaries,  LoDgfaoase, 
Warwick,  Pochuck  and  Rutgers  creeks,  in  all  415  square  miles,  can  be  led  by  gravity 
from  a  point  of  diversion  400  feet  above  sea  level,  distant  from  the  city  limits  aboat 
63  miles,  along  a  conduit  line  and  therefore  affording  a  hydraulic  gradient  averaging 
about  1.50  feet  per  mile,  which  is  ample,  to  a  terminal  elevation  of  300  fleet  above 


TMrd—SexU  the  main  Delaware  river,  draining  3,600  square  miles,  is  reached  at  Port  Jervis,  at 
an  elevation  ot  about  420  feet  above  sea — 60  miles  from  New  York — ^and  so  £u  as 
elevation  is  concerned  favorable  for  gravity  flow  to  New  York  by  a  60-mile  tunnel  (or 
only  twice  as  long  as  the  New  Croton  tunnel),  and  having  a  declivity  of  about  2.0  feet 
per  mile. 

This  elevation  of  the  Delaware  is  a  very  important  consideration  as  proving  that 
all  of  the  large  territory  which  it  drains,  comprising  everything  west  of  the  Wallkill 
and  Rondout  until  we  get  beyond  economic  reach  of  aqueducts,  is  at  an  elevation 
suitable  to  deliver  high-pressure  water  to  New  York. 

Fourth — Northward  the  Esopus  has  already  been  considered  in  Appendix  No.  9,  with  the 
Catskill  and  Schoharie  creeks,  which,  draining  the  northern  side  of  the  Catskill 
mountains,  drain  a  large  territory  of  suitable  elevation. 

It  is,  therefore,  plain  and  certain  that  a  requirement  to  deliver  water  at 
300  feet  elevation  above  sea  level,  will  work  no  great  hardship  in  seeking  an 
ample  source,  and  is  plain  that  ample  drainage  areas  above  this  elevation 
can  be  found,  and  that  the  question  of  a  supply  from  west  of  the  Hudson 
will  quickly  resolve  itself  into  questions  of  good  reservoir  locations,  prac- 
ticable dam  sites,  quality  of  water  and  comparative  cost  of  development. 
The  study,  therefore,  naturally  next  proceeds  with  a  consideration  of 
the  possibilities  for  storage  on  those  streams  lying  nearest  and  thus 
admitting  of  the  shortest  and  cheapest  aqueduct  lines  and  also  first  consider- 
ing those  that  are  free  from  all  questions  of  the  right  to  divert  an  interstate 
river. 

The  Popolopen  Source, 

Going  northward  from  the  Ramapo  and  Mahwah,  already  considered, 
the  first  possibility  offered  by  the  map  of  a  drainage  area  large  enough  to  be 
worthy  of  consideration   for  the  present  problem*   is   Popolopen  creek, 

*  The  small  drainage  areas  above  the  required  elevation  of  about  7  square  miles  on  Cedar 
creek,  near  Haverstraw,  should,  apparently,  be  reserved  for  the  future  needs  of  Haverstraw. 
Minnescecongo  creek  is  already,  in  part,  appropriated  for  the  water  supply  of  Haverstraw,  and 
for  compensation-water  for  the  Gamerville  Print  Works.  The  small  head  waters  of  the  Hacken- 
sack  also  can  hardly  be  considered  as  available  for  New  York  City,  for  if  their  diversion  is  allow- 
able, it  would  be  more  appropriate  for  the  small  towns  on  the  west  margin  of  the  Hudson,  like 
Nyack,  which  is  understood  to  have  already  taken  water  from  this  source. 
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which  falls  into  the  Hudson  near  Fort  Montgomery.  This  was  one  of  the 
sources  promoted  by  the  Ramapo  Company  and  specifically  mentioned  by 
Water  Commissioner  Dalton  in  discussing  additional  supplies  (see  "  City 
Record,"  Wednesday,  August  23,  1899,  P-  5^7^)*  ^^^  so  far  as  I  have  had 
opportunity  to  carry  the  present  investigation,  it  looks  like  a  very  favorable 
watershed  of  its  size,  but  too  small  except  as  an  adjunct  to  some  larger 
source.  Of  itself  it  will  yield,  safely,  hardly  more  than  20  million  gallons  per 
day,  or  but  little  more  than  enough  to  take  care  of  one  year's  increase  in  New 
York's  water  consumption. 

The  report  of  Mr.  Ropes  upon  this  watershed,  slightly  abbreviated  and 
amended,  is  as  follows  r 

Popolopen   Watershed, 

This  watershed  is  situated  in  the  heart  of  the  Highland  District,  surrounded  by  rugged  hills, 
ranging  from  i,ocx>  to  I,5CX)  feet  high.  It  has  an  available  area  of  only  about  28  square  miles, 
and  the  streams  draining  it  are,  therefore,  comparatively  small  ones.  The  geological  formation 
is  principally  gneissic  rocks,  and  the  conditions  of  topography,  geology  and  settlement  are  all 
remarkably  favorable  to  the  purity  of  its  waters.  Popolopen  creek  enters  the  Hudson  river  at 
Fort  Montgomery,  and  its  point  of  diversion  would  be  about  30  miles,  in  a  direct  line,  from  city 
limits.  For  the  first  two  miles  from  the  river,  the  valley  rises  very  rapidly,  reaching  an  elevation 
of  500  feet  in  that  distance.  Above  this  point  the  declivity  of  the  valleys  is  generally  much  less,  and 
in  places  they  open  out  into  small  basins  of  from  X  ^^  ^  isi'^^  in  area.  These  basins  are  quite  a 
prominent  feature  of  this  watershed,  and  I  should  say  that  as  many  as  10  or  12  suitable  sites  could 
be  found  for  reservoirs  of  the  above-mentioned  area.  There  are  5  natural  ponds  in  this  district, 
which,  taken  together,  may  aggregate  %  square  mile  of  water  surface.  Popolopen  and  Mine 
ponds  are  largely  artificial,  having  been  improved  by  the  Forest-of-Dean  Mining  Company,  to 
obtain  water-power  for  hoisting  and  pumping  in  their  mining  operations.  No  mining  has  been 
done  at  this  place  for  four  years  or  more,  but  a  caretaker  remains  in  charge  of  the  plant,  so  it 
does  not  appear  that  the  company  has  wholly  abandoned  the  mines. 

I  explored  only  the  north  half  of  this  watershed,  going  to  Round,  Long  and  Popolopen 
ponds,  and  following  down  the  main  stream  to  Fort  Montgomery. 

I  understand  that  Round  Pond,  with  its  drainage  area  of  about  o.  13  square  mile,  has  been 
appropriated  as  a  water  supply  for  the  Military  Academy  at  West  Point.  This  pond  was  drawn 
very  low  during  the  drought  of  last  summer  and  fall.  It  had  not  entirely  refilled  during  the 
winter,  and  at  the  time  of  my  visit  was  still  5  or  6  feet  below  high-water  mark. 

Long  Pond  has  an  area  of  say  30  acres,  with  a  watershed  of  1.4  square  miles.  Its  present  flow 
line  can  easily  be  raised  20  feet  by  a  dam  30  feet  high  (above  ground)  and  with  a  length  of  300 
feet  at  bottom  and  800  feet  at  crest,  giving  a  water  area  of  about  80  acres,  and  an  available 
capacity  of  320  million  gallons.  Ledge  is  close  to  the  surface  in  the  side  bluffs ;  there  was  no 
evidence  of  ledge  in  the  swamp  across  the  bottom,'  but  I  am  inclined  to  think  it  shallow,  say  10 
or  15  feet. 

Popolopen  Pond  has  an  area  of  about  150  acres.  The  existing  dam  is  about  15  feet  at  highest 
part.  There  is  a  good  site  just  below  this  for  a  dam  50  feet  high,  by  length  of  300  feet  on  bottom 
and  900  feet  on  crest,  which  would  raise  the  pond  level  30  feet.  Ledge  is  exposed  entirely  across 
the  bottom  at  this  site.  It  is  a  tight,  massive  rock,  with  the  strike  parallel  to  the  face  of  the  dam 
and  therefore  particularly  favorable  for  foundation.  The  watershed  above  dam  is  5.7  square 
miles.  Raising  the  flow  line  of  this  pond  30  feet  would  give  a  probable  area  of  250  acres,  or  0.4 
square  mile,  with  an  available  storage  of  nearly  1,900  million  gallons. 
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About  ^  mile  below  Popolopen  dam,  at  the  stone  arch  bridge,  where  the  road  crosses 
the  brook,  I  observed  another  favorable  location  for  a  dam  about  40  feet  high,  with  bottom  length 
of  150  feet,  and  crest  700  feet  long.  Ledge  is  exposed  clear  across  bottom.  The  character  of 
the  ledge  and  the  direction  of  its  strike  are  the  same  as  at  the  Popolopen  dam.  This  would  flood  a 
swale  of  say  150  acres.  There  is  a  gap  in  the  hills  on  the  south  side  which  might  require  a  short 
earth  dyke  to  complete  the  inclosure.  The  tributary  watershed  is  3.2  square  miles  ;  available 
capacity  of  reservoir  would  be  about  600  million  gallons. 

At  Mine  Pond  there  is  very  little  chance  for  additional  storage  by  raising  the  present  dam. 

Proceeding  down  stream,  there  was  apparantly  a  good  opportunity  for  a  reservoir  with  a 
dam  50  or  60  feet  high,  and  say  1,000  feet  long  on  crest,  at  a  point  about  ^  mile  below^ 
Wyant's  farm  house.  This  site  was  nearly  ^  mile  from  the  road,  and,  as  it  was  growing 
late,  I  did  not  go  on  to  the  ground  ;  but  I. could  get  a  good,  open  view  of  it,  and  should 
say  that  general  indications  were  good  for  finding  ledge  at  moderate  depth.  This  dam  if  found 
practicable  of  height  stated  above,  would  flow  back  nearly  to  the  Forest-of-Dean  Works, 
making  a  reservoir  averaging  J^  mile  wide  for  two  miles  in  length.  Its  available  storage 
would  be  about  1,700  million  gallons  for  a  watershed  of  13.9  square  miles.  From  what  I  saiv 
of  this  watershed  my  impression  is  that  on  each  of  the  larger  branches  of  this  creek  two  or  more 
places  can  be  found  for  dam  sites  of  from  30  to  50  feet  high,  which  will  flood  from  ^  to  ^  square 
mile  of  area.  It  also  appears  not  improbable  that  the  other  ponds  could  be  raised  to  the  same 
extent  as  has  been  suggested  for  Long  Pond. 

Mr.  C.  C.  Vermeule,  in  Volume  3  of  the  Geological  Survey  of  New  Jersey,  page  129,  estimates 
that  the  total  annual  run-off  from  the  watersheds  of  the  New  Jersey  Highlands  in  the  driest  year 
would  be  equal  to  16.82  inches,  or  at  the  rate  of  811,000  gallons  daily  per  square  mile. 

For  the  Croton  watershed  it  has  been  concluded  (see  page  23)  that  with  a  storage  of  about 
200  million  gallons  per  square  mile,  a  safe  yield  of  275  million  gallons  per  day,  which  is  763,000 
gallons  per  square  mile  of  gross  area,  is  safe,  and  that  it  will  not  pay  to  develop  storage  beyond 
that  limit.  Accepting  the  same  limits  for  the  Popolopen  we  have  a  storage  requirement  of  5,300 
million  gallons,  and  a  safe  yield  of  21  million  gallons  per  day. 

The  following  table  shows  the  storage  requirements  of  the  different  divi- 
sions of  the  Popolopen  watershed,  to  furnish  a  sure  yield  of  800,000  gallons 
per  square  mile,  and  to  what  extent  these  requirements  are  met  by  the  several 
reservoir  sites  reported  on  above. 


♦  Name  of  Reservoir. 


Long  Pond 

Upper  Popolopen. 
Lowe;  Popolopen. 
Fort  Montgomery 
Rocky  Swamps. . . 


Area  of  Watershed. 


Net  Land.'      Water 
Surfaces. 


Square 
Miles. 


Square 
Miles. 


x-3 
5.9 
2.9 

»3-4 
3-9 


20.7 


o.i  (8^) 
0.5  (xoj^) 
0.3  (lOjf) 

o.S 

0.2     ib^) 


Tot.il 
Square 
Miles. 


'    Per  Diagram 
No.  49. 

Required 
,  Storage  to  Main- 
tain Safe  Daily 

Yield  of 

8oo,coo  gallons 

per  Day. 


Probable 

Available 

Storage. 

Caoacity    of 

Proposed 

Reservoir. 


{i%) 


1-4 
5.7 

13.9 
41 


(224)      291  m.g. 
(229)  1,191     " 
(229)      664     " 
(214)  2,863     " 
(217)     846     " 


320     m.  g. 
x,86a 
640 

^740 
i,c8o 


Exce&s  or 

Deficiency 

of   Storage 

that  this  Rec- 

onnais^ance 

Show^ 
Available. 


—  89  m.  g. 
4      669     •• 

-  24      - 

'    —  I,X28        " 

-   134   " 


1.6    {6%)    j      28.3 


5.860  m.  g. 


*The  locations  of  the  above-proposed  reservoirs  are  shown  on  the  Schunemunk  sheet  of  the 
State  topographical  map,  surveyed  last  summer. 
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From  the  foregoing  table  it  will  be  seen  that  the  principal  deficiency  of  storage  provided  is 
in  the  watershed  ot  the  Fort  Montgomery  Reservoir.  From  a  study  of  the  topographic  map, 
together  with  my  general  knowledge  of  this  section,  I  feel  quite  confident  that  two  or  three 
additional  and  equally  faVorable  res^fVdif  sites  can  be  found  in  Deep  Hollow  and  Queensboro, 
valleys,  which  will  furnish  the  desired  storage  and  l)ring  the  safe  yifeld  of  the  whole  watershed  up 
to  the  same  figure  as  the  Crdtbh' (763,(000  gallons  daily  per  square  mile). 

General  Conclusions. 

Tlie  valleys  of  the  Popolopen  watershed  are  narrow  mountain  valleys, 
occasionally  opening  out  into  swales  or  basins  generally  of  J  to  ^  square  mile 
in  area,  and  generally  at  such  points  favorable  sites  can  be  found  for  dams 
from  30  to  50  feet  in  height.  At  the  places  observed,  indications  were  gen- 
erally good  for  rock  foundations  for  the  dams.  It  appears  that  enough  such 
reservoir  sites  may  be  found  to  furnish  a  certain  siipply  of  20  million  gallons 
daily  from  the  2S  square  miles.  The  conditions  affecting  the  quality  of  the 
water  appear  most  favorable,  and  this  promises  to  be  a  supply  of  exceptional 
purity.  The  principal  reservoir  sites  would  be  Fort  Montgomery  (area, 
0.45  square  miles;  available  capacity,  1,700  million  gallons)  and  Popolopen 
Pond  (area,  0.40  square  mile;  capacity,  1,900  million  gallons). 

Cost  of  Storage  Works  on  Popolopen  Creek. 

Proceeding  then  on  the  assumption  of  20  million  gallons  daily  supply 
from  this  source,  I  present  the  following  very  rough  estimates  of  the  probable 
cost  of  the  dams  and  reservoirs  needed : 

Fori  Montgomery  Reservoir, 

Say  dam  80  feet  high  by  1,000  feet  lonj?  on  crest,  probably  not  more 
than  300  feet  long  in  the  bottom.  Rock  generally  at  shallow  depth. 
Masonry  overflow  150  feet  long  and  70  feet  high.  Earth  embank- 
ment with  core  wall — cost  complete $600,000  00 

380  acres  of  land,  at  $80 30,000  00 

100  acres  of  grubbing  and  clearing,  at  $50 SfOoo  00 

2  miles  of  new  roads,  at  $10,000 20,000  00 

6  buildings,  at  $2,500 15.000  00 

Dam  and  canal  to  divert  waters  of  Queensboro  Brook  into  this  reservoir.       75,000  00 

$745,000  00 

Lower  Popolopen  Reservoir, 

Dam  40  feet  high  by  length  of  7C0  feet  on  crest  and  150  feet  in  bottom. 
Ledge  exposed  in  bottom  and  sides.  Earth  dam,  with  core  wall, 
with  overflow  50  feet  long  over  ledge  at  side $140,000  00 

200  acres  of  land,  at  $80 i6,coo  00 

30  acres  of  grubbing  and  clearing,  at  $50 1.500  00 

I  group  of  buildings,  $3,500.. 3,500  00 

New  road  (none) 

Dam  and  canal  to  divert  Twin  Lakes  Brook  into  reservoir 25,000  00 

Possible  contingency  of  dikes  at  one  or  two  gaps 50,000  co 

236,000  00 


5o6  Appendix  No.  13. 

upper  Popolopen  Reservoir, 

Dam,  60  feet  high  by  300  feet  long  on  bottom  and  900  feet  long  on 
crest.  Ledge  exposed  clear  across.  Overflow  at  side  30  feet  long. 
Earth  and  loose  rock  dam,  with  core  wall $220,000  00 

350  acres  of  land,  at  $40 14,000  00 

150  acres  of  grubbing  and  clearing,  at  $50 7)5^^  00 

Buildings None. 

New  highway None. 

Damage  to  Forest-of-Dean  Mining  Company  (perhaps) 50,000  00 

$292,000  00 

Long  Fond  Reservoir, 

Dam  30  feet  high,  300  feet  long  in  bottom  and  800  feet  long  in  crest, 
say  20  feet  to  ledge  across  bottom.  Earth  dam  with  core  wall. 
Overflow  30  feet  long $105,000  00 

100  acres  of  land,  at  $60 6,000  00 

20  acres  of  grubbing  and  clearing,  at  $50 1,000  00 

I  group  of  buildings,  $3,000 3iOOO  00 

I  mile  new  road 10,000  00 

125,000  00 

Rocky  Swamp  Reservoir,  and  such  others  as  may  be  built  in  Deep  Hollow  and 
Queensboro  valleys,  to  bring  the  yield  up  to  800,000  gallons  per  square  mile, 
may  be  assumed  to  cost  the  same,  per  million  gallons  of  storage,  as  the  above, 
or  2,000  million  gallons  storage,  at  $310  per  million  gallons 620,000  00 

$2,018,000  00 
Add  20  per  cent,  for  contingencies  and  supervision 404,000  cx) 

$2,422,000  00 


The  quantity  of  water  to  be  derived  from  this  source  is  probably  not  suffi- 
cient to  warrant  its  being  carried  to  city  Hmits  by  an  independent  conduit, 
and  the  matter  of  cost  for  transportation  will  be  taken  up  later  in  connection 
with  that  of  the  adjacent  watersheds. 

QuAssAic  Watershed. 

This  is  another  small  watershed  lying  at  suitable  elevation  for  grarity 
flow  of  about  the  same  area  as  the  Popolopen,  falling  into  the  Hudson  river 
about  15  miles  farther  north.  If  available  the  probable  point  for  diversion 
would  appear  to  be  about  3  miles  northwesterly  from  Newburgh. 

The  area  above  this  point  is  about  29  square  miles.  A  line  of  barometric 
levels  was  carried  across  this  district,  which  showed  the  possibility  of  divert- 
ing the  greater  part  of  the  flow  of  this  stream,  at  some  point  not  farther  than 
2  miles  above  the  Powder  Works,  and  flowing  it  by  gravity  to  New  York. 
Later,  it  w^as  learned  that  the  City  of  Newburgh  had  taken  steps  towards  the 
development  of  this  source  of  supply  for  its  own  use,  so  further  investigation 
in  that  direction  was  dropped,  and  this  area  is  not  considered  as  a  possible 
source. 
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MooDNA  Watershed. 

This  is  a  large  creek  which  empties  into  Hudson  near  Cornwall.  The 
water  level  of  the  main  stream,  just  above  Salisbury  Mills,  and  about  49  miles 
from  the  New  York  City  limits  by  the  shortest  economical  conduit  line,  is 

■ 

practically  at  300  feet  elevation.  Obviously,  this  is  at  least  50  feet  too  low 
for  selection  as  the  point  of  diversion  for  these  waters  by  gravity  flow  to  300 
feet  elevation  in  New  York;  but,  since  there  is  a  very  favorable  site  there  for 
a  dam  at  least  50  feet  high,  providing  the  drift  at  the  sides  is  shown  by  test- 
pits  to  be  safely  impervious,  and  which  might  be  made  80  feet  without  exceed- 
ing a  reasonable  cost;  if  the  ledge  at  the  site  of  the  wing  walls  is  within  reach 
or  the  drift  impervious,  it  appears  possible  with  the  higher  dam,  or  with  the 
lower  dam  supplemented  by  low-lift  pumps,  to  utilize  the  whole  watershed  to 
this  point;  and  in  order  to  make  as  good  a  showing  as  possible,  it  has  been 
so  treated.  With  the  foregoing  assumption,  the  area  of  the  Moodna  water- 
shed available  would  be: 

On  Big  Moodna  Creek,  above  Salisbury  Mills 123  square  miles. 

On  Little  Moodna  Creek,  above  Woodbury  Falls 11 


ts  (t 


Total 134 


«  tt 


Mr.  Ropes'  report  of  his  reconnaissance,  abbreviated  and  amended  by 
some  comments  of  my  own,  is  as  follows : 

Salisbury  Mills  is,  in  a  direct  line,  about  38  miles  from  city  limits.  The  actual  length  of 
conduit  would  probably  be  1 1  miles  greater  than  that,  as,  with  our  present  information,  it  is 
difficult  10  conceive  a  nearly  direct  route  through  the  Highlands  that  would  be  economical,  and  it 
appears  as  if  the  conduit  must  make  a  detour  around  the  broadest  and  highest  portion  of  this 
group  of  hills. 

I  did  not  visit  the  upper  portion  of  Little  Moodna  Creek,  so  have  no  personal  knowledge  of 
that  section.  The  lower  portions  of  the  valley,  where  I  observed  them  near  Mountainville,  are 
filled  with  heavy  clayey  gravel  deposits.  The  water  in  the  stream  looked  clear  and  pure.  I 
should  judge  from  the  map  that  this  area  may  be  classed  as  a  '<  Highland  "  watershed,  though  I 
gather  from  the  "  Fifteenth  Annual  Report  of  the  State  Geologist,'*  that  the  geology  of  this  section 
is  very  different  from  that  of  the  Popolopen  watershed.  Thus  on  about  y^  of  it,  shales,  shaley 
sandstones  and  Schunnemunk  conglomerate  predominate,  another  ^  of  the  area  is  of  limestone 
formation,  and  the  remaining  ^  is  gneissic. 

For  the  development  of  this  Little  Moodna  watershed,  the  map  indicates  a  very  promising 
place  for  a  dam  at  Woodbury's  Falls.  Slaty  ledges  outcrop  at  the  base  of  the  mill  dam  at  that 
point  (see  "  Report  of  New  York  SUte  Geologist,  Geology  of  Orange  Co.,"  p.  417).  The  basin 
above  this  dam  site  is  shown  on  the  map  as  quite  extensive.  It  is  such  a  prominent  feature  of  the 
topography  that  I  think  we  may  safely  accept  the  evidence  of  the  map.  With  flow  line  at  480, 
the  Village  of  Central  Valley  wcluld  probably  not  be  disturbed.  According  to  the  map  this 
reservoir  would  have  an  area  of  about  0.55  square  mile,  and  a  capacity  of  1,400  million  gallons. 
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With  7  per  cent,  water  surface,  per  Diagram  No.  4S,  this  storage  of  1,400  ^11—127  million 
gallons  per  square  mile  would  maintain  a  yield  of  650,000  gallons  per  square  mile,  or  a  safe  daily 
supply  of  7  million  gallons.  It  does  not  appear  reasonable  to  estimate  upon  a  flow  line  at  devation 
500.  If  the  flow  Ime  is  assumed  at  elevation  500,  then  Central  Valley  would  be  drowned  out. 
While  the  area  of  the  reservoir  would  then  be  1.45  square  miles,  anditscapacity5,  400  million  gal- 
lons, or  490  million  gallons  per  square  mile,  and  its  theoretic  yield  (with  16  per  cent,  of  water  surface) 
a  daily  supply  of  nearly  10  million  gallons  ;  it  appears  hardly  prudent  to  estimate  on  so  high  a 
rate  of  draft.  It  appears  probable  that  with  the  smaller  reservoir,  together  wich  the  improvement 
of  Cromwell  Lake,  there  could  be  had  a  safe  yield  say  of  750,000  gallons  per  square  mile  of  gross 
area,  giving  a  daily  supply  of  8  million  gallons  fiom  this  Little  Moodna  creek  watershed.  I 
assume  this  latter  quantity  to  be  the  maximum  reasonable  development.  The  sanitary  conditions 
of  this  watershed  were  not  investigated,  nor  the  character  of  the  subsoil  of  the  reservoir  site. 

Big  Moodna  Creek, 

Relative  to  developing  the  123  square  miles  on  Big  Moodna  creek,  reference  has  already 
been  made  to  the  attractive  location,  just  above  Salisbury  Mills,  for  a  dam  and  large  reservoir  (see 
Figure  100  for  a  roughly  approximate  cross-section  of  the  valley  at  the  proposed  dam  site).  While 
making  my  observations  in  the  field,  I  had  in  mind  a  dam  of  not  more  than  50  or  60  feet  in  height, 
but  with  the  better  comprehension  of  the  ground  which  I  have  since  obtained  by  studying  the 
proof  of  the  topographical  sheet  of  this  section  since  received,  I  can  see  that  if  test  pits  show  the 
bed  rock  to  rise  in  the  banks,  or  if  it  holds  enough  clay  to  make  it  surely  impervious,  then  a 
possibility  may  exist  for  obtaining  a  remarkably  large  volume  of  storage  by  building  a  higher  dam 
(say  80  feet  high).  The  topographical  map  just  mentioned  was  not  received  from  Washington  until 
my  return  from  this  trip,  so  it  was  not  available  for  field  use. 

Working  out  this  proposition  for  the  80  foot  by  the  Sudbury  Diagram,  No.  49,  and  by  the 

Croton  experience,  we  have— .  . 

With  flow  line  at  370,  area  of  full  reservoir 12.35  square  miles. 

With  reservoir  drawn  down  to  350,  area 3.9  ** 

Capacity  of  reservoir  between  350  to  370 32,480  million  gallons, 

or  254  million  gallons  of  storage  per  square  mile,  which  is  somewhat  more  than  the  Croton  wiU 
have  in  1902.  If  the  reservoir  bed  and  the  dam  site  prove  impervious,  we  may  safely  assume  the 
same  yield  per  square  mile  as  deduced  for  the  Croton,  whence  this  123  square  miles  would  yield 

121. 

—^  +  275  =  94  million    gallons  per  day,  or  the  Big  and  Little  Moodna  together  would  yield 

8  +94—  I C2  or  say  100  million  gallons  per  day. 

This  suggestion  of  a  single  large  reservoir  for  Big  Moodna  Creek  at  Salisbury  Mills  should  be 
regarded  as  only  one  of  several  plans  which  might  be  adopted.  Westward  from  Salisbury  Mills, 
this  watershed  is  a  broad,  rolling  country,  with  wide,  shallow  valleys  separated  by  low  hills  and 
ridges ;  and  my  casual  examination  led  me  to  believe  there  were  many  basins  where  shallow 
reservoirs  of  considerable  extent  could  be  made.  For  example  in  the  vicinity  of  Chester  there 
appeared  to  be  such  a  basin.  From  the  map  it  appears  that  a  40  to  50  foot  dam  at  Bumside 
would  flood  a  large  area. 

I  examined  the  valley  of  the  main  stream  carefully  from  Orr^s  Mills  to  above  Washington- 
ville.  Westward  from  that  point,  the  broad  views  I  had  obtained  from  the  train,  together  with 
the  very  marked  characteristics  of  the  country,  made  it  seem  unnecessary  to  cover  this  ground 
with  more  detail.  That  the  main  valleys  in  many  places,  and  for  long  stretches,  have  only  a 
slight  fall,  was  easily  apparent ;  and  this  is  a  condition  favorable  to  extensive  flowage  with  low 
and  inexpensive  dams.  The  question  of  the  tightness  of  these  dams  and  the  imperviousness  of  the 
substrata  remains  for  a  less  hurried  and  more  expensive  research. 
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Possible  Poor  Quality  of  Moodna  Water. 

The  geological  report  of  Orange  County  has  this  to  say  of  the  ancient 
lake  beds,  which  applies  to  some  of  the  depressions  of  this  district  (see  p. 

474): 

"  Of  importance  among  the  quartenary  deposits  of  Orange  County  are 
the  numerous  old  lake  beds,  which  especially  abound  in  the  Hudson  river 
area.  The  lakes  were  formed  by  the  damming  up  of  the  valleys  and  depres- 
sions between  the  slate  ridges,  and  they  disappeared  through  the  subsequent 
filling  up  of  their  basins,  or  the  cutting  down  of  their  outlets.  Black  soil 
underlies  the  surface  to  a  depth  of  from  5  to  50  feet,  and  this,  according  to 
Mather,  is,  in  turn,  underlaid  by  marl. 

Other  important  swamp  areas -are:  Greyeourt  Meadows,  covering  500 
acres  and  extending  from  Craigsville  to  Chester,  Black  Meadow  in  Goshen 
Township,  r,ooo  acres ;  Tamarack  and  Purgatory  Swamp  in  Hamptonburg." 

The  last-named  meadows  or   *'  swamps  "   are  all  in  this  watershed. 

The  prevalence  throughout  this  district  of  these  swamps  and  meadows, 
with  their  deep  covering  of  black  muck,  raises  a  doubt  as  to  the  desirability  of 
water  from  this  source.  Relative  to  that  question,  I  can  only  say  that  at  the 
time  of  my  visit,  the  water  in  the  streams  presented  a  good  appearance.  The 
rock  formation  which  prevails  over  nine-tenths  of  this  watershed  is  the  Hud- 
son river  shales  and  slates. 

Some  serious  objections  apply  to  the  large  reservoir  suggested  above 
Salisbury  Mills,  such  as  the  flooding  out  of  Washingtonville,  a  thriving  village 
of  600  or  700  inhabitants;  also  the  large  amount  of  shallow  flowage  which 
would  be  exposed  when  the  reservoir  was  drawn  down;  the  great  area  of 
fertile  land  submerged,  and  the  extensive  changes  of  railroad  and  highways. 
The  shallow  flowage  could  be  regulated  to  a  considerable  extent  by  low 
dams  across  different  arms  of  the  basin. 

The  proper  development  of  the  Big  Moodna  watershed  for  purposes  of 
public  water  supply  is  a  problem  which  would  demand  much  investigation 
and  study  for  its  solution,  and  the  present  assumption  of  a  single  large  reser- 
voir above  Salisbury  Mills  is  only  for  the  purpose  of  nearing  some  conclu- 
sion as  to  the  probable  cost  of  a  water  supply  from  this  source  and  whether 
or  not  it  is  out  of  the  question. 

If  a  dam  80  feet  high  at  Salisbury  Mills  should  be  proved  to  be  imprac- 
ticable, then  it  would  be  necessary  to  sacrifice  perhaps  one-third  of  the  water- 
shed, or  to  resort  to  lifting  the  water  20  to  30  feet  with  pumps.     For  the 
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present,  however,  adhering  to  our  assumption  of  an  80-foot  dam,  I  present 
the  following  guess  as  to  the  probable  cost  of  this  dam  and  reservoir. 

Salisbury  Mills  Dam  and  Reservoir — 
Flow  line  370 
Drawn  down  to  350. 
Dam  85  feet  high,  main  portion  300  feet  long  in  bottom  and  1,100  feet  long  on  top,  with  say 
1,200  feet  of  earth  dikes  averaging  25  feet  high.     Also  from  the  map,  it  appears  that  two 
dikes  each  about  i,ooo  feet  long  and  not  more  than  20  feet  high  would  be  required  at 
low  gaps  northward  from  the  main  dam  site.     Length  of  masonry  overflow  assumed  as 
400  feet.     Slate  and  shale  outcrops  in  bed  of  river  at  this  site,  but  side  bluffs  are 
apparently  drift  to  a  very  considerable  depth.     Imperviousness  not  known. 
Probable  cost  of  dam,  overflow,  gate-house  and  side  dikes,  complete,  say       $850,000  00 
Low  dams  for  regulating  shallow  flowage,  say  5,oco  lineal  feet,  averag- 
ing 15  feet  high,  with  800  lineal  feet  masonry  overflows,  sluiceways, 
gates,  etc.,  complete •         250,000  00 

Land  damages — 

2,600  acres  at  $300 780,000  00 

7,500  acres  at  $ico 750,000  00 

Grubbing  and  clearing  2,000  acres  at  $70 140,000  00 

Buildings,  say  rather  more  than  for  Ten  Mile  Reservoir 1,200,000  00 

Water  power  at  Salisbury  Mills  and  Orr*s  Mills,  say  600  Horse  Power, 

at  $500 300,00000 

Relocation  of  railways,  24  miles  at  $18,000  per  mile 432,000  00 

Relocation  of  highways,  65  miles  at  $12,000  per  mile 780,000  00 

Embankments  and  bridges  across  reservoir  for  highways,  12,000  feet,  say 

30  feet  high  and  rip  rap 700,000  00 

Possible  contingencies,  such  as  removal  of  cemeteries,  legal  expenses, 

damage  to  established  business  and  extra  compensation  to  railroads..  750,000  00 


$6,932,000  00 
Add  15^  for  supervision  and  contingencies 1,040,000  00 


$7,972,000  00 


This  is  at  the  rate  of  $245  per  million  gallons  for  32,480  million  gallons  storage,  and  this 
figure  appears  reasonable  when  we  take  into  account  the  good  quality  of  land  submerged,  the 
towns  and  buildings  destroyed,  and  the  many  miles  of  railroads  and  highways  to  be  rebuilt. 
For  necessary  storage  works  on  the  Little  Moodna  allow  2,270  million  gallons 

X  $300 $681,000  00 

In  the  latter  case,  judging  the  situation  solely  from  its  appearance  on  the  Schunemunk  sheet 
of  the  State  map,  and  giving  due  weight  to  the  necessary  changes  of  highways  and  railroad,  as 
well  as  the  partial  flooding  of  the  villages  of  Woodbury's  Falls  and  Highland  Mills,  and  possibly 
a  part  of  Central  Valley  ;  also  sewerage  of  Central  Valley,  it  seems  improbable  that  the  Little 
Moodna  watershed  can  be  developed  for  a  daily  supply  of  8  million  gallons  at  a  less  cost  than  $300 
per  million  gallons  for  the  storage  works,  and  the  cost  would  be  more  likely  to  prove  25  per 
cent,  larger  than  that. 
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Conduits  for  Moodna  and  Popolopen  Supplies. 

With  the  foregoing  assumptions,  there  appears  to  be  a  possibility  of 
obtaining  daily  the  following  volumes  of  water  from — 

Big  Moodna  Creek,  above  Salisbury  Mills 92  million  gallons. 

Little  Moodna  Creek,  above  Woodbury's  Falls 8      " 

Popolopen  Creek,  above  Fort  Montgomery 20 


Total  safe  yield  per  day 120 


(I  it 


If  the  quality  is  all  right  this  quantity  would  be  of  sufficient  magnitude  to 
warrant  the  construction  of  a  conduit  for  its  transportation  to  New  York 
City. 

This  would  require  a  conduit  about  49  miles  long  from  Salisbury  Mills 
to  city  limits,  with  a  branch  5 J  miles  long  to  Woodbury's  Falls,  and  a  branch 
3j  miles  long  to  Popolopen  Creek. 

On  the  topographical  map  (not  reproduced)  I  have  sketched  what  there 
appears  to  be  the  best  general  location  for  these  conduits.  The  ground  over 
which  the  greater  part  of  this  line  runs  has  not  been  inspected  in  the  field. 

In  laying  these  lines,  the  aim  has  been  to  get  as  much  cut  and  cover 
aqueduct,  and  as  little  pipe  line,  as  seemed  practicable. 

The  route,  as  sketched  on  the  map,  keeps  on  the  north  side  of  the  Big  Moodna  Valley  to  a 
point  abont  3^  of  a  mile  south  of  Cornwall  Station,  thence  crosses  Moodna  creek  by  steel  pipe  siphon 
to  the  high  ground  on  the  east  side,  where,  after  about  I  mile  of  cut  and  cover  aqueduct,  it  crosses 
through  the  north  portion  ot  the  Highlands  by  a  tunnel  4  miles  long  under  Black  Rock  Hill,  and 
with  th6  eastern  portal  at  Highland  Falls ;  thence  it  crosses  the  Hudson  river  with  steel  pipe 
siphon,  probably  in  tunnel  under  the  river,  at  the  most  suitable  point  between  Highland  Falls 
and  Fort  Montgomery.  A  crossing  in  the  vicinity  of  Con's  Hook  Light  appears  the  most 
favorable  for  general  direction,  also  for  a  connection  with  the  Popolopen  Branch.  From  the  east 
bank  of  the  Hudson,  the  line  proceeds  in  a  southeasterly  direction,  with  short  tunnels  under  the 
hills,  steel  pipe  siphons  across  the  valleys,  and  short  stretches  of  cut  and  cover  aqueduct  wherever 
the  slopes  will  permit  of  that  construction,  thus  passing  about  yi  mile  southwesterly  from  the 
village  of  Putnam  Valley,  to  the  site  of  the  proposed  Holman's  Mill  reservoir,  about  3^^  miles 
east  of  Peekskill.  From  Holman's  Mill  reservoir  the  line  proceeds  in  a  southeasterly  direction, 
crossing  Croton  Lake  near  the  old  Croton  Dam  ;  thence  through  the  pass  at  Merritt's  Comers, 
and  then  keeping  on  the  high  ground  to  the  eastward  of  Pocantico,  Saw  Mill  river  and  Grassy 
Sprain  Valleys  as  far  as  possible  at  the  required  elevation  for  cut  and  cover  aqueduct,  to  the  pro- 
posed Park  Hill  Reservoir,  and  one  mile  farther  to  the  city  limits  between  Woodlawn  and  Lincoln. 
It  seems  fairly  probable  that  about  17  miles  of  the  27.5  miles  from  city  limits  to  Holman's  Mill, 
could  be  built  as  cut  and  cover  aqueduct. 

The  branch  line  from  Popolopen  creek  leaves  the  Fort  Montgomery  reservoir  by  a  short 
tunnel,  and  then  follows  the  trend  of  the  bluffs  in  a  northeasterly  direction  to  a  junction  with  the 
main  line  at  a  point  about   I  mile  southerly  from  Highland   Falls.     The  branch  line  from 
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Woodbury's  Falls  is  located  on  the  east  side  of  the  Little  Moodna  Valley  at  a  suitable  height 
for  cut  and  cover  aqueduct. 

If  it  appears  desirable  to  utilize  all  three  supplies,  then  the  tunnels  and  cut  and  cover  portions 
of  the  main  lines,  below  each  junction,  should  be  of  sufficient  capacity  to  carry  the  amoant 
from  the  combined  sources  above  such  junction,  so  that  one  conduit  may  serve  for  all  three  sap- 
plies,  whether  they  be  taken  all  at  the  same  time,  or  in  part  deferred.  In  order,  however,  to 
show  clearly,  the  cost  of  taking  in  the  two  smaller  watersheds,  the  following  estimate  (see  page 
513)  gives,  in  the  first  column,  the  cost  of  the  main  line  conduit  proportioned  to  carry  only  the 
supply  from  Big  Moodna  ;  and  the  parallel  columns  show  the  increased  cost  due  to  enlarging 
the  conduit  at  the  start  to  ^dmit  the  supplies  from  the  Popolopen  and  Little  Moodna. 
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A  very  Rouf^h  Estimate  of  Cost  of  120  Million  Gallons  per  day  from  the  Moodna  and  Popolopen 

Creeks.     Estimated  Cost  of  Conduits  to  City  Limits. 


Assumptions:   Hyd.  gxade 

elcv5.  350—303' 
33.5  miles   aq.    and 

tunnel,  at  0.5  pr.  m.  16.3' 
15  miles   pipe    line, 

at  X.7  pr.  m 95*5' 

X.5     miles     Hudson 

river,  at  3.0  pr.  m .    4.  s' 
Minor      losses      of 

head 0.7' 


47.0 


Main  Line  Conduit. 
36  miles  C.  &  C.  aqueduct . . 

3.3  miles  arched-hned  tunnel 

3.3  miles  side-lined  tunnel.. 
15  miles   pipe   lines   and 

siphons 

a  lines     of    pipes     dear  • 

through 

6'  8",  6'  11",  7'  3"  diams. 
x.5  miles     Hudson    river 

crossing 

6o3  Ho.  ft.  shaft  exc 


Main  Conduit — Salisbury 
Mills  to  City  Limits. 


Nominal  capac.,  133  m.  g. 
Actual  supply,     35^  less. 


Cost  per 
unit 


$i34.oco 
308,000 
aSSiOoo 

6'  8"  diam. 
356,000 


36  miles  R.  of  W.  for  C.  ( 
&C S 

6.5  miles  R.  of  W.,  for  j 
tunnel f 

15  miles    R    of   W..   for  ( 

pipe f 

41  miles  bridges,  culverts,  ) 
blow-offs,  etc J 

ax  siphon  chambers 

Popolopen  Branch  Conduit. 

Full  =200'  4-  in  3J^  miles. 
c.-\    miles  arched-lined  ) 

tunnel ( 

3.9  miles  cast  pipe-line,  { 
30"  diam f 

3.5  miles  right  of  way. . . . 

3.3  miles  bridges,  cuU  ) 
verts,  blow-oflfs,  etc. .  \ 

Valve's,  valve  chambers,  I 
etc f 

Utile  Moodna  Branch 
Conduit. 
Full  =1  to'  -f  in  sVi  miles. 
5.5  miles  cast  pipe-line,  t 
24"  diam ) 

5.5  miles  right  ot  way. . . . 

5.5  miles  bridges,   cul-\  1 

vert's,  blow-off,  etc..) 
Valves  and  valve  cham-  \ 

c>ers ) 

I 
I 

I 

Add  i5,<  for  contingen-l 
cies,  etc ) 

Total  cost  for  transporia- 1 
tton C 


150 

3,000 

x,8oo 

3,000 

1 3.000 

TO,OCO 


Total  Cost. 


Cost  of  storage  v/orks 

Park  Hill  Reservoir  (N. 
basm  only) 


Popolopen  Branch,  and 
extra  cost  for  Main  Line. 


Nominal  capac.,  35  m.  g. 
Actual  supply, '  93  m.  g. 


Little  Moodna  Branch,  and 
extra  cost  for  Main  Line. 


Nominal  capac,  xx  ro.  g. 
Actual  supply,       8  m.  g. 


1^,484,000 
X, 01 6,000  I 
816.000 

3,840,000 

600,000 
90,000 
52,000 

X3,O0O 
30,000 

4g3,ooo 
3x0,000 


3X.3  m., 

f  to,oco 
X.3  m., 

19,000 
x.x  m., 
x4,ooo 

13  m.,  6'  xi" 
33,000 


'  •  p   •  •  • 


J  34  ».. 
I 


}  «"3 


000 
33,000 
15,000 

4x6,000 
50,000 


1,000 


(19  s.  c, 

\  x,coo 


I 


33.0CO 
500 

3,000 


$10,542,000 
1,596,000 

$13,338,000 
7,972,000 
3.696.OCO 


32.5  ">•• 

I4.COD 

3.3  m.. 

8,000 
3-3  m  , 

6,000 


X4  m.,  7'  2" 

X3,000 


34.000  j36n».. 
X9.000  {"«<^' 


50,000 

xo6,ooo 

2,000 

7,000 

3,000 


500 
500 


$90,000 
26,000 
x9,ooo 

168,000 
35,000 


I     i8,oao 


xi,ooo 


$23,006,000 


$937,000 
X4X,ooo 


34,000 

500 

3,000 


$1,078,002 
2.433,000  I 


133,000 

3.000 

11,000 

s.ooo 

$505,000 

76,000 


§3,500,000 


$581,000 
68x,ooo 

$1,362,000 


Probable  cost  of  the  three  watersheds  combined  into  one  system 


$28,668,000 
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Conclusions  Regarding  the  Popolopen  and  Moodna. 

The  Popolopen  Creek  could  probably  be  developed  so  as  to  furnish  and 
deliver  by  gravity  flow  at  300  feet  elevation  inside  the  city  limits  20  million 
gallons  daily  of  excellent  water  at  a  not  unreasonable  cost;  the  conduit  line 
would  not  be  of  excessive  length,  and  'the  whole  project  appears  worthy  of 
accurate  and  complete  surveys  and  detailed  estimates. 

It  would,  however,  in  its  largest  possible  development  not  furnish  one- 
tenth  part  of  the  new  supply  which  Manhattan  and  The  Bronx  need  forthwith 
and  is,  therefore,  of  very  little  weight  in  determining  the  direction  of  the 
future  supply. 

The  Moodna  Creek,  so  far  as  quantity  is  concerned,  could  probably  be 
developed  so  as  to  furnish  100  million  gallons  per  day,  and  it  would  prob- 
ably be  found  possible  to  build  a  safe  dam  on  a  tight  bed  rock  to  such  height 
that  this  water  could  be  delivered  to  the  city  limits  at  elevation  300  by  gravity 
flow.  This  can,  however,  not  be  known  with  certainty  until  test-pits  and 
borings  have  been  made  and  the  geology  of  the  valley  carefully  studied. 

The  quality  of  the  water  from  the  storage  reservoirs  that  could  be  built 
in  the  Moodna  Valley  is  somewhat  in  doubt  because  of  the  presence  of 
various  deposits  of  "  black  dirt "  overlying  very  deep  deposits  of  muck  or 
peat,  I  have  not  yet  had  opportunity  to  take  samples  of  this  earth  from  test- 
pits  for  analysis,  nor  has  the  prospect  so  far  appeared  to  warrant  accurate 
levels  for  determining  the  depth  of  flowage  possible  over  these  deposits  of 
earth  rich  in  organic  matter  and  whether  flowage  is  very  deep  or  shallow  may 
have  an  important  bearing.  There  has  also  not  been  an  opportunity  to  study 
into  the  feasibility  of  covering  some  parts  with  a  thin  layer  of  gravel.  So 
far  as  the  facts  have  yet  been  noted  they  tend  to  cast  a  doubt  on  the  quality 
of  the  water. 

Comparing  the  probable  costs  of  construction  given  in  the  table  on 
page  513 — ^which  are  believed  to  be  small  rather  than  large — with  the  cost  of 
the  Ten  Mile  river  development,  as  set  forth  in  Table  No.  6,  it  is  plain  beyond 
the  shadow  of  a  doubt  that  the  Ten  Mile  is  a  much  more  available,  abundant 
and  cheaper  source  and  one  more  cheaply  maintained  than  the  Moodna  and 
Popolopen. 
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Appendix  No.   14. 

The  Wallkill. 

The  next  of  the  possible  sources,  in  order  of  proximity,  is  the  Wallkill, 
which,  next  to  the  Hudson,  is  the  largest  river  in  southeastern  New  York, 
and  therefore  deserving  considerable  attention,  although  brief  study  on  the 
ground  shows  it  to  be  not  a  very  hopeful  source. 

In  elevation,  it  is  all  right  for  the  area  above  Philipsburg,  where  it 
could  by  a  low  dam,  be  given  a  low- water  level  of  400;  it  has  a  drainage 
area  of  about  417  square  miles,  210  square  miles  of  which  is  in  New  Jersey. 

The  quality  of  the  water  obtainable  from  this  source  is  open  to  very 
serious  question. 

The  only  opportunity  or  means  thus  far  found  for  obtaining  a  storage  res- 
ervoir appropriate  for  this  large  watershed,  and  at  an  elevation  suitable  for  con- 
veying the  water  to  New  York  City  by  gravity  flow  is  the  somewhat  startling 
one  of  reflooding  the  enormous  drained  sw^amp  known  as  the  "  Drowned 
Lands."  This  tract  of  land,  according  to  Dr.  Heinrich  Ries,  Assistant  State 
Geologist  (see  Report  on  Geology  of  Orange  County,  1895,  p.  474).  covers 
17,000  acres  in  Orange  County  and  extends  over  into  New  Jersey,  where  I 
find,  according  to  the  State  topographical  maps,  it  covers  800  acres  more — 
a  total  extent  of  swamp  of  about  40  square  miles,  all  lying  very  nearly  level, 
and  most  of  which  is  said  to  have  lain  wet  and  almost  worthless  until  drained 
by  an  artificial  canal  about  fifty-five  years  ago  (see  Geology  of  Orange 
County,  p.  466).  Large  areas  in  the  upstream  portion  have  not  yet  been 
drained  or  cleared  from  trees  and  underbrush. 

From  the  Report  on  VVater  Supply,  forminq  Volume  3  of  the  Geological  Survey  of  New 
Jersey,  page  147,  it  appears  that  to  reach  a  part  of  the  river  that  is  unobjectionable  for  purposes  of 
water  supply,  one  must  go  back  to  above  Franklin  Furnace,  in  New  Jersey,  where  the  watershed  is 
only  31  square  miles,  while  on  the  other  branch,  the  Papakating,  above  Deckertown,  the  drainage 
area  is  only  20  square  miles.  This  upper  part  of  the  river  is  essentially  a  highland  stream,  but  m 
New  Jersey,  ten  miles  before  it  enters  New  York  State,  it  begins  its  course  through  broad,  flat 
meadows  and  swamps,  the  head  of  the  great,  area  known  as  the  '*  Drowned  Lands."  After 
entering  New  York  it  flows  15  miles  farther  through  these  broad,  swampy  flats,  and  beyond  ihcm 
enters  a  broad,  shallow  valley,  the  width  of  which  increases  as  we  go  northward.  The  river  here 
occupies  a  secondary  valley  eroded  from  the  drift.  This  secondary  valley  may  be  described  as  in 
general  500  to  2,000  feet  wide  in  the  bottom,  and  bordered  by  terraces  from  30  to  60  feet  high. 
After  flowing  northward  parallel  to  the  Hudson  for  60  miles  in  New  York  Slate  it  empties  into 
the  Hudson  at  Ron d out. 

When  personally  inspecting  the  stream  I  was  much  surprised  to  find  so  small  a  flow  from  so 
large  a  drainage  area,  near  the  New  Hampton  and  the  Phillipsburg  dam  sites,  and  the  flood  iT)ark<^ 
left  on  the  bushes  and  on  the  margins  by  the  recent  spring  floods  showed  a  surprisingly  small 
flood  volume  in  comparison,  for  example,  with  the  Croton. 

There  is  an  excellent  opportunity  to  make  an  approximate  estimate  of  the  flow  near  the 
railroad  bridge  over  the  new  channel  east  of  New  Hampton,  and  certainly  the  flow  was  very 
small  in  comparison  with  that  of  other  streams  of  known  drainage  area  at  about  the  same  time. 
This  leads  to  a  strong  suspicion  that  much  water  is  escaping  by  percolation  through  a  deep  bed  of 
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porous  drift — for  no  ledge  shows  here— and  that  it  would  continue  to  escape  past  any  dam  built 
near  this  point.  This  water  must  re-appear  at  some  down  stream  locality,  wherever  the  true  rock 
bottom  of  the  valley  is  exposed. 

From  the  geology  of  the  valley  it  would  appear  that  the  river  just  below  the  flats  occupies  a 
secondary  valley  formed  by  the  erosion  of  drift,  but  that  the  bottom  of  the  basin  itself  must  be 
impervious.  The  deep  bed-rock  is  said  to  be  limestone  and  this  valley  is  much  lower  than  those 
on  either  side,  and  between  it  and  the  Hudson  are  thick,  high  walls  of  the  crystalline  rocks.  At 
the  highway  bridge,  south  of  the  head  of  the  **  canal,"  the  river  runs  over  a  bed  of  what  cer- 
tainly looks  like  a  fine,  impervious  clay,  having  its  top  five  feet  below  the  level  of  the  swamp  and 
say  five  feet  above  the  present  water  level.  At  some  points  this  looks  more  like  fine  silt  than  true 
clay. 

The  ancient  lake  is  supposed  to  have  been  dammed  by  a  deposit  of  drift  and  probably  it  is 
through  this  deep  and  wide  bed  of  drift  that  percolation  occurs.  Certainly  this  c}uestion  of  loss 
by  percolation  would  need  to  be  carefully  investigated  and  accurate  gaugings  of  the  stream-flow 
continued  for  at  least  a  year  before  one  could  be  certain  of  obtaining  the  ordinary  rate  of  yield  per 
square  mile. 

This  possibility  of  the  dissolving  out  of  cavities  in  the  lime-stone  bed  rock  by  the  acid  swamp 
waters,  must  be  considered  in  its  relation  to  the  dam-site. 

Report  of  Reconnaissance. 

Under  instructions  to  follow  the  stream  and  find  the  best  that  it  offered  in  volume  of  flow, 
favorable  dam  sites  and  points  of  diversion,  so  far  as  these  could  be  learned  by  a  rapid  recon- 
naissance, Mr.  Ropes  spent  about  four  days  following  the  stream  from  New  Paltz  to  the  Jersey 
line,  a  distance  along  the  stream  of  about  45  miles,  driving  most  of  the  way  along  the  highways 
nearest  the  river,  but  tramping  along  the  stream  for  a  closer  inspection  at  what  appeared  to  be 
the  critical  points.  Long  days  were  made  and  as  careful  and  thorough  an  inspection  as  possible 
in  that  length  of  time.  A  line  of  aneroid  barometer  levels  was  carried  along  and  the  time  of 
each  observation  noted  and  corrected  for  the  hourly  fluctuation  by  means  of  an  excellent  record- 
ing barometer  stationed  at  the  hotel.  The  elevations  of  prominent  stations  on  the  railroad  profile 
had  been  previously  obtained.      I  subsequently  made  brief  personal  examination  of  a  part. 

A  number  a  narrow  places  were  observed  where  dams  40  to  50  feet  high  and  700  to  1,000 
feet  long  on  the  crest  might  be  located  ;  but  below  Phillipsburg  these  sites  would  either  give 
insufficient  storage  or  be  too  low  to  afford  a  gravity  supply  giving  300  feet  head  at  the  city  limits. 

The  main  chance  to  get  a  large  supply  from  the  Wallkill  river  was  very  obviously  to  dam  the 
stream  either  at  New  Hampton  or  Phillipsburg  and  flood  the  Drowned  Lands  to  a  depth  of  about 
35  feet  at  the  lower  end  of  the  broad  flats. 

With  its  flow  line  at  elevation  415  the  area  of  the  full  reservoir  would  be  about  55  square 
miles  and  if  drawn  to  390  probably  about  30  square  miles.  The  storage  capacity  between  390 
and  415  would  probably  be  not  far  from  225  billion  gallons,  but  may  be  more  or  less.  Deduct 
from  this  say  50  billion  gallons  to  allow  for  amounts  held  back  by  low  dams  to  cover  shallow 
flowage  and  the  available  storage  capacity  can  be  safely  set  down  as  175  billion  gallons,  which 
gives  420  million  gallons  storage  per  square  mile  of  gross  area.  The  water  surface  would  be  not 
far  from  55  square  miles  with  reservoir  full  (of  which  about  13  square  miles  would  be  in  New 
Jersey).     The  per  cent,  of  water  surface  to  gross  area  would  be  about  13  per  cent. 

By  diagram  No.  48,  on  the  conservative  Sudbury  basis  the  safe  yield  if  the  outlet  dam  and 
the  subterranean  strata  were  impervious  should  be  about  850,000  gallons  per  square  mile  per  day 
X  417  a-  354  million  gallons  per  day,  but  from  the  suspicions  aroused  by  personally  noting  the 
small  flow  and  the  possibilities  of  a  pervious  dam  site  in  this  drift  formation  I  should  not  want  to 
call  it  more  than  250  million  gallons  per  day  prior  to  further  careful  exploration  and  gauging, 
but  on  the  other  hand  the  very  extensive  deposits  of  drift  throughout  all  this  region  would  tend 
to  a  very  large  ratio  of  ground-water  storage  and  a  slow  discbarge  of  the  rainfall  into  the  stream. 

These  **  Drowned  Lands,''  which  appear  to  be  the  only  adequate  reser- 
voir site  on  the  Wallkill,  were  once  the  bottom  of  an  ancient  lake  bed,  and 
are  described  by  Dr.  Heinrich  Ries  in  his  report  on  the  "  Geology  of 
Orange  County  "   as  follows: 

"  These  swamps  occur  not  only  in  the  limestone  region,  but  also  in  many 
parts  of  the  slate  area  and  form  perhaps  the  most  important  agricultural 
feature  of  the  county.  The  rich  black  soil  of  the  swampy  tracts  is  enormously 
productive,  and  some  of  it  is  worth  $300  an  acre.  This  soil  is  generally 
planted  with  onions,  and  700  bushels  per  acre  is  not  an  uncommon  yield. 
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Potatoes  or  corn  are  generally  planted  in  alternate  years  to  relieve  the  soil. 
There  are  about  40,000  acres  of  swamp  land  in  Orange  County.  The  largest 
of  these  areas  is  the  Drowned  Lands  in  Warwick,  Greenville,  Minnisink, 
Wawayanda  and  Goshen  townships,  and  covers  17,000  acres.  Until  about 
sixty  years  ago  the  area  was  covered  by  several  feet  of  water  held  in  by  a  dam 
of  glacial  drift  at  the  north  end.  A  canal  cut  through  this  dam  has  redeemed 
the  land.  From  the  Drowned  Lands  there  arise  islands  of  limestone  or  drift, 
which  are  named  Pine,  Great,  Pellets,  Gardner's,  Merritts,  Cranberry,  Black 
Walnut,  Fox  and  Seward's  Islands.  *  *  *  Black  soil  underlies  the  sur- 
face to  a  depth  of  from  five  to  fifty  feet,  and  this,  according  to  Mather,  is,  in 
turn,  underlaid  by  marl.  The  Wallkill  river  follows  a  winding  course  along 
the  western  side  of  this  area,  and  submerges  it  entirely  during  the  spring 
floods.'' 

From  such  hurried  and  scanty  observations  as  I  was  able  to  make,  I 
should  say  that  much  of  the  northern  portion  inside  our  flow  line,  and  nearly 
all  of  it  on  the  west  side  of  the  river,  was  very  likely  free  of  the  deep  black 
soil  deposits.  These  flats  were  mostly  open  grass  land,  which  appeared  to  be 
a  rather  thin  covering  of  soil  over  a  clay  deposit.  These  clay  beds  were  ver>' 
clearly  exposed  at  the  river  crossings  near  the  head  of  the  canal  and  on  the 
Denton  road.  Southward  from  the  New  Jersey  line,  so  far  as  I  could  see,  and 
on  the  east  side  of  the  river  in  New  York,  there  appeared  to  be  considerable 
areas  of  timbered  swamp  with  black  muck.  On  the  east  side  of  the  river  also 
extensive  areas  of  the  black  soil  lands  were  free  from  timber,  and  were  in  part 
subdrained  and  cultivated. 

In  that  portion  of  the  Wallkill  Valley  southward  from  Montgomery,  the 
lower  side  slopes  appear  generally  to  have  a  heavy  covering  of  drift  material. 

Dr.  Ries  in  his  report  on  the  "  Geology  of  Orang^e  County,"  page  405,  says  :  "  In  the  lar^jer 
valleys,  as  those  of  the  Neversink,  Shawangunk  and  Wallkill  rivers,  the  gravel  and  sand  accum- 
ulations are  of  great  extent  and  depth.  Those  of  the  Neversink  valley  are  in  places  known  to  be 
over  100  feet  thick  ;  "  and  again,  on  page  463,  **  The  valley  of  the  Neversink  river  is  filled  to  a 
considerable  depth  with  gravel,  which  forms  a  broad,  flat  bottom  and  with  its  covering  of  loam 
produces  an  admirable  farming  land.  A  hole  was  drilled  through  drift  at  Port  Jervis  to  a  depth 
of  113  feet  without  striking  bottom.  Boulders  were  abundant  in  the  upper  thirty  feet,  but  below 
that  the  material  was  mostly  quartz  sand  with  an  occasional  boulder.  Similar  gravel  accumula- 
tions occur  in  the  valley  of  Shawangunk  kill,  along  the  eastern  base  of  the  Shawangunk  mountain. 
The  modified  drift  here  partakes  of  the  nature  of  hillocks,  whose  summits  are  all  at  about  the 
same  level  of  900  feet,  A.T.     The  intervening  depressions  are  often  occupied  by  ponds." 

"  -  -       -      '  ...  -    -  k, 


'*  Around  the  edge  of  the  Drowned  Lands,  the  gravel  rises  in  rounded  knolls  sometimes  to  the 
[leight  of  80  feet.     There 
Goshen.     Gravel  hills  also 


height  of  So  feet.     There  is  also  a  conspicuous  series  of  kames  around  Campbell  Hall,  north  of 

line  the  sides  of  the  Wallkill  valley." 


These  extensive  gravel  deposits  will  certainly  have  a  very  appreciable 
effect  in  increasing  the  ground  storage  of  this  district,  also  towards  increas- 
ing the  storage  capacity  of  the  great  reservoir  suggested. 
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Although  a  large  portion  of  the  Wallkill  watershed  lies  in  New  Jersey,  its  situation  on  the 
northern  slope  of  the  Highlands  renders  it  inaccessible  to  the  larger  cities  on  the  south  side  ;  and, 
as  there  are  no  places  within  the  watershed  which  are  likely  to  ever  make  any  large  drait  on  its 
waters  for  their  own  supply,  New  York  City  would  be  practically  assured  of  the  full  flow  from 
this  area.  Middletown  draws  its  water  supply  from  a  reservoir  on  a  brook  northwesterly  from  the 
city.  Goshen,  I  was  informed,  takes  its  water  supply  from  Glenmere  Lake.  These  last  named 
sources  lie  within  the  area  given  as  tributary  to  the  Wallkill,  but  the  amounts  thus  taken  off  are 
inappreciable. 

PopuJation. 

This  watershed  is  almost  exclusively  a  farming  district  with  about  thirty  villages  ranging 
from  100  to  3CX)  population  by  the  Census  of  1890  ;  and  as  many  more  small  centres  of  population 
of  probably  less  than  100  inhabitants.  The  cities  and  towns  which  had  more  than  500  inhabi- 
tants in  1800  are : 

^  U.  S.  Census. 

In  New  York —  1890.  1880. 

Middletown 1 1,977  8,494 

Goshen 2,907  2,557 

Warwick 1,537  1,043 

Florida 560*  .... 

In  New  Jersey — 

Deckertown 993  370 

Franklin  Furnace 913*  .... 

Hamburg 519  412 

Ogdensburg 565*  

Sparta 501*  

From  such  information  as  I  have,  I  should  think  the  outside  population  on  farms  might 
average  about  20  to  the  square  mile.  The  increase  in  the  total  population  of  Orange  County  from 
1880  to  1890  was  at  the  rate  of  11  per  cent. 

The  danger  of  sewage  pollution  from  some  of  the  larger  centres  should  not  be  disregarded, 
although  dilution,  subsidence,  bleaching  and  long  storage  with  filtration  could  be  relied  on  to 
in  great  part  correct  this  evil. 

Quality  of  Reservoir  Bottom, 

I  have  personally  made  some  brief  examination  of  the  Drowned  Lands 
and  of  the  possible  dam  sites  at  Phillipsburg  and  New  Hampton,  and  find  the 
outlook  for  obtaining  water  of  suitable  quality  from  this  source  in  quantity 
commensurate  with  the  area,  not  at  all  encouraging,  and  am  led  to  believe 
that  the  Wallkill  cannot  be  safely  reckoned  among  the  available  sources  until 
after  extended  research  on  the  practicability  of  purifying  by  filtration  water 
that  has  been  stored  with  shallow  flowage  over  a  broad  and  deep  deposit  of 
muck  and  peat. 

Ten  square  miles  and  perhaps  more  of  the  50  square  miles  that  this  reser- 
voir would  flow,  are  in  a  vast  deposit  of  peat  of  unknown  depth. 

Some  of  the  farmers  call  it  **  bottomless,"  others  say  50  feet,  others  tell  me  they  have  run 
poles  down  25  feet  without  reaching  bottom.  I  myself  ran  down  a  7-foot  pole  in  a  dozen  places, 
scattered  over  a  wide  area,  and  it  could  be  pushed  down  just  about  as  easily  as  it  could  be  pulled 
up.  I  finally  left  this  pole  pushed  down  to  10  feet  depth  in  the  bottom  of  a  small  test  pit  in  the 
midst  of  the  wooded  swamp,  nearly  a  mile  in  width,  nearly  a  mile  south  of  the  New  Jersey  lines. 

In  the  middle  of  the  cultivated  swamp  west  of  Florida  it  was  noted  on  pushing  the  pole  down 
in  the  drainage  ditches  that  a  generous  bubbling  of  gas  (probably  marsh  gas)  came  up  through  the 
water. 

In  the  wooded  swamp  one-half  mile  north  of  Pine  Island  the  water  was  noted  as  brown  in 
color.     A  sample  taken  from  the  running  brook,  tested,  gave  a  color  of  1.80,  which  is  not  very 

*  Not  obtained  from  U.  S.  Census. 
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bad  for  swamp  water.  The  color  of  the  Wallkill  at  the  outlet  of  the  Drowned  Lands  is  noi  so 
brown  as  might  be  expected;  it  has  a  slight  clayey  tinge  which  may  obscure  the  swamp  color. 
It  has  been  suggested  to  me  that  the  limestone  sand  and  the  organic  acids  may  counteract  each 
other  to  some  degree  in  their  effect  upon  the  water. 

I  dug  six  or  eight  small  test-pits  3  to  5  feet  deep  in  representative  loal- 
ities  in  the  Drowned  Lands,  and  found  the  top  foot  with  more  grain  and  less 
fibre  than  the  portions  below.  At  a  depth  of  about  2  feet  the  brown  color 
and  fibrous  structure  of  peat  were  well  developed  in  each  case.  Samples 
were  collected  in  clean,  glass  jars  and  sent  to  the  Analyst  of  the  Metropolitan 
Water  Board  at  Clinton,  Mass.,  for  examination  by  the  same  method  (of  igni- 
tion) followed  in  the  hundreds  of  tests  of  earth  now  being  made  in  connection 
with  the  stripping  of  the  bottom  of  the  Wachusett  Reservoir,  for  the  puq)ose 
of  removing  organic  matter  in  order  to  ensure  freedom  from  bad  tastes  in 
the  water. 

The  standard  adopted  by  the  Metropolitan  Water  Board  for  the  Wachusett  Reservoir  i>  to 
strip  off  or  cover  up  all  soil  containing  more  than  4  per  cent,  of  organic  matter,  and  a  good  deal 
is  removed  that  contains  only  3)^  per  cent.  (Their  ordinary  surface  soil  contains  about  10  per 
cent.)     This  soil  from  the  Drowned  Lands  is  about  80  to  90  per  cent,  organic  matter. 

The  report  of  tests  is  as  follows : 

Report  on  the  Organic  Matter  in  Two  Samples  of  Soil  from  the 

Drowned  Lands  of  the  Wallkill. 


I       Depth  from 
Test  Pit.  I     which  Sample 
'       was  Taken. 


No.  I A       I      ft.  down. 


<( 
it 


iB 
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2A 


2B 
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3B 

3'A  "      " 

4A 

Surface  soil. 

4B 

3)4  ft.  down. 

5A 

6      in.     " 

SB 

VA  ft.     " 

Locality. 


Per  cent.  Ston^ 
Organic  Matter.         Remaining  on 

No.  30  Sieve. 


W.  bank  of  river  at  highway  biidge  S. 
of  head  of  canal   


ijaf  miles  N.  50  W.  of  Florida,  about 
300  ft.  from  edge,  near  house  of 
Mr.  Powers 


At  side  of  Swamp  road  i  ]^  mile  N.  60 
\V.  of  Florida.  About  in  center  of 
that  area  of  swamps 


69  per  cent. 

85 

89         '• 


None. 

I       '' 

I       « 


(Not  manured)  on  N.  side  **  Goshen 
Turnpike,"  about  ^  mile  S.  W.  of 
Quaker  Creek,  between  Big  and 
Black  Walnut  Islands 


*49 
♦85 


♦78 
♦87 


12 

None. 


It 


8[ 
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N.   side  of  road  150  ft.  \V.  of  Owen's. 

Station,  in  New  Jersey '    *90 

;    *89 


(4 


44 


(t 

»( 


it 


The  samples  marked  *  have  little  or  no  iron  present. 
Analyzed  by  J.  B.  Gilmore,  May  22,  1900. 
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Dam  Sites  at  Phillipsburg  and  A'czi;  Hampton, 

As  already  stated,  the  brief  reconnaissance  by  Mr.  Ropes  from  New  Paltz, 
upstream  along  the  Wallkill  to  the  New  Jersey  line,  discovered  no  reservoir 
site  sufficient  to  develop  anything  like  the  full  yield  of  400  or  more  square 
miles  of  watershed  of  the  Wallkill,  except  the  Drowned  Lands,  and  no  better 
dam  sites  for  this  purpose  were  found  than  those  at  PhiUipsburg  and  New 
Hampton,  neither  of  which  can  be  regarded  as  favorable. 

At  the  Phillipsburg  site  no  outcrop  of  bed  rock  was  found,  and  knowing 
the  great  depth  of  the  modified  drift  deposits  reported  in  this  valley,  the 
depth  to  which  one  might  have  to  go  for  an  impervious  dam  and  for  a  secure 
foundation  to  hold  back  so  vast  a  volume  of  water  and  to  safely  carry  off 
the  flood  waters  from  more  than  400  square  miles,  becomes  a  very  serious 
problem,  and  of  itself  might  forbid  the  execution  of  the  plan.  Extensive 
borings  under  the  best  geological  supervision  would  be  needed  before  any 
intelligent  estimate  of  cost  could  be  given,  or  before  the  best  site  could  be 
picked  out,  although  the  dam  would  not  be  high  above  present  surface. 

At  New  Hampton  two  channels  would  need  be  closed — the  new  artificial 
channel  or  "  canal  "  and  the  old  or  "  back  channel.'*  Ledge  appears  in  the 
bed  of  the  old  channel,  but  nothing  indicating  nearness  to  ledge  appears  in 
the  new  channel.  The  whole  territory  available  for  dam  sites  is  apparently 
deeply  covered  with  drift,  and  in  places  the  gravel  is  clayey,  but  is  not  of 
"  hard  pan  "  or  cemented  material. 

As  we  are  now  looking  for  all  the  possible  advantages  of  this  Wallkill  source  with  a  view  to 
finding  if  there  is  enough  that  is  hopeful  to  warrant  further  study  and  complete  surveys,  it  may  be 
suggested  that  since  the  dam  will  not  exceed  55  or  70  feet  in  height  from  present  surface  of  ground 
to  the  flow  line  some  considerable  percolation  could  be  tolerated  and  perhaps  picked  up  in  a 
thoroughly  filtered  condition  halt  a  mile,  more  or  less,  below  the  dam  site  by  some  such  means  as 
suggested  in  Fig.  no  for  collecting  the  ground  waters  of  Long  Island,  and  pumped  into  the  aque- 
duct. The  dimensions  of  the  aqueduct  will  therefore  be  figured  for  the  full  yield  appropriated 
to  a  watershed  of  this  area. 


Possible  Wallkill  Conduit  Lines. 


Mr.  Ropes  makes  the  following  notes  on  possible  conduit  lines.  These 
are  made  up  mainly  from  the  maps  and  were  not  reconnoitered  in  the  field, 
and  are  presented  as  approximations  for  the  purpose  of  preparing  a  rough 
preliminary  estimate  for  the  purpose  of  forming  an  opinion  as  to  whether 
the  Wallkill  project  warrants  accurate  surveys. 
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The  best  location  for  the  conduit  would  probably  be  to  put  the  intake  at  Phillipsburg,  and 
thence  swinging  slightly  to  the  northward,  cross  the  ridge  between  the  Wallkill  and  the  Otterkill 
in  the  vicinity  of  LaGrange  in  tunnel  ;  thence,  passing  southward  of  Campbell  Hall,  the  conduit 
would  follow  the  valley  of  the  Otterkill  and  Moodna  creeks  to  Salisbury  Mills.  From  Campbell 
Hall  to  Salisbury  Mills  could  probably  all  be  made  cut-and-cover  aqueduct.  From  Salisbury 
Mills  to  city  limits  the  conduit  would  follow  the  route  already  described  as  a  probable  location 
from. Moodna  creek. 

If  it  were  possible  to  locate  the  filtration  works  at  some  point  between  Salisbury  Mills  and 
city  limits,  it  would  then  be  possible  to  utilize  about  9  miles  of  the  natural  channel  of  Otterkill 
and  Salisbury  Mills  reservoir,  making  an  open  water^^ay  for  that  distance.  With  this  latter  con- 
dition, it  also  might  prove  better  to  locate  the  intake  in  the  arm  of  the  Wallkill  reservoir,  westerly 
from  Goshen,  and  by  tunneling  under  that  citv  strike  the  Otterkill  at  a  nearer  point,  and  so 
get  a  greater  length  of  open  channel.  With  the  filtration  works  located  below  Salisbury  Mills  it 
would  be  permissible  to  combine  the  waters  of  Wallkill  and  Moodna  and  carry  them  to  the  city 
by  one  large  aqueduct,  thereby  materially  lessening  the  cost  of  transportation  for  the  two  supplies. 
While  this  is  a  point  that  should  be  investigated  farther,  it  appears  hardly  practical  without  the 
introduction  of  a  pumping  station  to  regain  the  loss  of  head  which  would  be  due  to  the  filters. 

Possible  Short  Line  from  the  Wallkill  by  Tunnel, 

Another  possible  location  for  a  conduit  from  the  Wallkill  Reservoir,  and  which  might  be  say 
13  to  15  miles  shorter  than  the  one  above  described,  would  be  to  put  the  intake  near  Milford,  and 
then  by  a  tunnel  about  17  miles  long  pass  under  the  Highlands  to  the  valley  of  the  Ramapo 
river.  Such  a  tunnel  could  probably  best  be  built  by  diverging  to  the  north  of  a  direct  course, 
thus  passing  nearly  under  Warwick  and  Bellvale,  and  to  the  north  of  Greenwood,  Sterling  and 
Tuxedo  lakes  to  an  eastern  portal  at  some  point  in  the  valley  near,  or  southerly  from.  Tuxedo 
Station.  On  this  location  the  depth  of  shafts  would  not  exceed,  and  generally  it  would  be  rarher 
less  than,  300  feet.  The  length  of  the  djifts  between  the  deeper  shafts  would,  however,  be  about 
2  miles.  From  Tuxedo  the  hne  would  follow  the  Ramapo  Valley  to  Suffern,  and  thence  running 
southeasterly,  generally  about  one-half  mile  northerly  from  the  New  Jersey  boundary  line,  cross 
the  Hudson  river  between  Hastings  and  Dobb's  Feriy,  and  thence  to  Park  Hill  Reservoir  by  the 
most  practicable  route.  Between  Tuxedo  and  city  limits  the  conduit  might  be  made  partly  cut- 
and-cover  and  partly  tunnel,  but  probably  the  greater  portion  would  be  steel-pipe  line.  I  should 
judge  about  the  following  lengths  of  different  classes  of  work  might  be  obtained  on  this  route, 
viz. :  tunnel,  21  miles  ;  steel  pipe,  17  miles  ;  cut-and-cover,  9  miles  ;  and  open  channel  3  miles. 
The  open  channel  would  be  built  from  New  Milford  to  deep  water  in  the  reservoir. 

If  this  southern  route  were  followed,  the  filtration  works  would  be  located  on  the  east  side 
of  the  Highlands,  perhaps  near  Suffern.  This  •*  Short  Line  "  would  not  permit  of  bringing  the 
Moodna  supply  in  the  same  aqueduct,  neither  would  it  be  favorable  for  connection  with  works  for 
mtercepting  and  recovering  the  water,  it  any,  lost  by  percolation  through  the  deep  and  broad 
deposits  of  porous  drift  at  the  proposed  dam  sites. 

Filtration  Necessary  for  Wallkill  Water. 

The  uplands  bordering  the  Drowned  Lands  give  the  impression  of  an 
admirable  gathering  ground  for  good  water  (except  so  far  as  some  slight 
hardness  might  result  from  the  presence  of  limestone  particles  in  the  pervious 
soil),  but  the  quality  of  the  bottom  of  the  basin,  as  just  previously  described,  is 
such  as  to  certainly  demand  filtration  for  any  domestic  supply  derived  from 
the  source,  and  it  is  in  the  present  state  of  the  art  by  no  means  certain  that 
filtration  v^ould  work  a  perfect  cure  for  all  the  troubles  likely  to  arise.  The 
growths  of  algae  and  other  low  forms  of  life  over  such  vast  deposits  of  organic 
matter  in  shallow  flowage  under  the  summer  sun  and  with  the  uncovering 
of  some  square  miles  of  these  flats  when  the  reservoir  is  drawn  down,  would 
without  a  doubt  occasionally,  if  not  uniformly,  be  so  luxuriant  as  to  rapidly 
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clog  filters,  or  otherwise  interfere  with  their  efficiency  or  economy  of  opera- 
tion. 

Taking  for  the  time  being  the  most  favorable  view  possible  in  order  to 
see  if  this  watershed  warrants  any  further  study  in  comparison  with  the 
others  available,  we  must  surely  include  as  necessary  to  insure  fair  quality  of 
water  an  expense  as  great  as  that  for  slow-sand  filtration,  like  that  proposed 
for  the  Hudson  river  water  at  Poughkeepsie. 

ShQwangunk  Waterslied. 

This  drainage  area  is  manifestly  best  developed  in  connection  with  the 
Wallkill.  The  extent  of  territory  found  lying  at  suitable  elevation  for  gravity 
flow  to  elevation  300  was  a  disappointment. 

The  Shawangunk  Kill  flows  through  a  valley  at  the  base  of  the  eastern 
slope  of  the  Shawangunk  Mountain.  It  is  generaly  parallel  to  and  about  7 
miles  westerly  from  the  Wallkill,  into  which  stream  it  empties,  about  3  miles 
south  of  Liberty ville.  Apparently,  the  quality  of  the  gathering  ground  is 
excellent  and  the  quality  of  the  water  good.  The  difficulties  are  that  much 
of  the  watershed  lies  too  low  for  delivery  at  elevation  300  in  New  York  with- 
out pumping,  and  that  deep  deposits  of  drift  may  make  the  tightness  of  dam 
sites  doubtful. 

I  have  not  found  time  for  a  personal  examination,  or  for  extended  study  through  exploration 
and  aneroid  levels  by  Mr.  Ropes  or  other  assistants,  and  while  the  following  covers  the  probabili- 
ties it  is  not  exhaustive. 

Mr.  Ropes  makes  the  following  report  of  his  brief  reconnais<:ance  : 

**  I  followed  this  valley  from  Bloomingburg  to  Ulsterville.  The  drift  formation  which 
covered  the  country  appeared  everywhere  to  be  very  deep.  It  was  generally  gravel  of  a  cleaner 
and  more  pervious  character  than  in  the  Wallkill  valley.  In  some  places  the  bottoms  were  2,cxx> 
to  3,coo  feet  wide  ;  in  others,  the  bluffs  closed  in,  offering  narrow  places  for  dams  40  to  50  feet 
high,  andf  rom  600  to  i^ooo  feet  long  on  the  crest.  Several  such  sites  were  observed,  but  I  did 
not  see  any  which  looked  especially  attractive,  because  of  the  prevalence  of  coarse  drift  in  the 
bluffs  and  bottom. 

I  only  made  a  note  of  the  site  at  Bloomingburg,  which  is  probably  as  good  a  point  as  any 
for  diverting  water  for  delivery  at  elevation  300. 

At  this  site  a  dam  50  feet  high  and  i.Spo  feet  long  on  the  crest  is  perhaps  practicable,  with- 
out interfering  greatly  with  the  village.  The  bottom  length  of  the  dam  would  oe  about  300  feet. 
The  bluffs,  each  side,  are  apparently  all  clayey  gravel.  There  were  boulders  in  the  bed  of  the 
creek.  The  basin  above  the  dam  site  looked  large,  and  I  should  say  favorable  for  flooding  at 
least  i}^  square  miles  with  a  50-foot  dam.  The  brook  was  50  feet  wide  and  the  water  had  an 
excellent  appearance. 

Reference  has  already  been  made  to  the  diversion  of  this  stream  in  con- 
nection with  the  supply  from  the  Wallkill.  The  proposition  was  to  divert  its 
waters  at  Bloomingburg,  by  a  small  dam  and  about  8  miles  of  tunnel  through 
the  dividing  ridge,  into  the  Wallkill  Reservoir. 

The  area  of  the  watershed  above  Bloomingburg  is  estimated  from  the 

map  to  be : 47  square  miles. 
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This,  with  5  per  cent,  of  water  surface  at  75o,ocx)  gallons  per  square 

mile  of  gross  area  per  day,  would  yield  a  supply  of. 35  million  gallons  per  day. 

The  reservoir  capacity  required  to  maintain  this  rate  of  yield  during  the 
cycle  of  years  of  smallest  rainfall  would  be,  with  generous  ground 
storage,  not  tar  from 9  billion  gallons. 

This  storage  can  be  readily  and  cheaply  provided  in  the  proposed  WaJl- 
kill  Reservoir,  and  it  is  believed  to  be  possible  to  so  proportion  the  works  for 
the  Shawangunk  that  but  little  storage  need  be  provided  on  that  stream,  but 
its  combination  with  the  Wallkill  water  would  require  the  expense  of  its 
filtration. 

If  the  storage  of  the  Shawangunk  water  on  its  own.  grounds  were  found  to  cost  $220  per 
million  gallon  capacity,  or  $2,000,000  in  all,  the  interest  and  other  expenses  on  account  of  this 
storage  would  amount  to  about  $100,000  per  year,  or  probably  at  least  $8  per  million  gallons, 
and  as  the  proposed  Wallkill  Reservoir  capacity  is  more  than  ample,  it  might  prove  alioutas  cheap 
to  store  it  there  and  afterward  filter  it  as  to  build  reservoirs  on  the  Shawangunk  and  avoid 
filtration. 

For  present  purposes,  assuming  the  storage  of  the  Shawangunk  water  in  the  Wallkill  Reser- 
voir, the  problem  has  been  treated  in  the  following  manner  : 

Water  level  in  creek  at  Bloomingburg  is  about  elevaiion  435. 

Flow  line  of  Wallkill  Reservoir  elevation  415. 

Hydraulic  grades  of  tunnel,  say  455,  414,  41  feet  fall  or  for  8  mile  tunnel,  slope  5  feet  per 
mile. 

It  is  estimated  that  a  lined  tunnel,  6  feet  diameter  in  the  clear,  would  have  a  capacity  of  go 
million  gallons  per  24  hours  with  this  slope.  The  excavation,  to  the  prescribed  line,  would  have 
a  diameter  of  7.3  feet,  or  a  size  about  as  small  as  can  be  conveniently  worked. 

It  is  probable  that  the  flood  discharges  from  this  watershed  rarely  exceed  25  cubic  feet  per 
second  per  square  mile,  and  if  the  entire  discharge  of  a  single  flood  be  considered  equivalent  to 
that  rale,  continued  through  24  hours,  !he  total  amount  would  be  47  square  miles  by  25  cubic  feet 
per  second  by  7.48  by  86,400  seconds — 761  million  gallons  per  24  hours.  The  tunnel  would  in 
that  time  carry  ofl*  somewhat  more  than  go  milhon  gallons,  so  that,  roughly  speaking,  alxjut 
670  millon  gallons  temporary  storage  would  be  needed  to  equalize  this  assumed  flood. 

If  at  this  dam  site  a  40-foot  dam  should  be  built,  with  the  overflow  crest  at  elevaiion  465,  it 
would  probably  give  a  reservoir  of  about  y^  square  mile,  which,  for  an  average  depth  of  10  feet, 
would  have  an  available  capacity  of  700  million  gallons. 

Probable  Cost  of  Wallkill  Reservoir. 

(A  very  rough  approximation  from  hasty  reconnaissance;   taking"  the 
most  moderate  values  that  appear  reasonable.) 

Cost  of  main  dam,  including  foundations,  deep  core  wall,  temporary  work,  gate 

house  and  intercepting  gallery,  etc.,  complete,  probably  at  least $1,500,000 

Two  low  dams  to  cover  shallow  flowage,  say  4,000  feet  by  10  feet 250,000 

Land  damages,  2,000  acres  at  $300 600,000 

Land  damages,  39,600  acres  at  $100 3*960,000 

This  does  not  allow  for  the  contingency  of  extra  exj^ense  on  the  New  Jersey 
flowage  of  about  13  square  miles. 

Dwellings  and  other  buildings  (note  that  the  flow  line  would  encroach  on  borders 
of  several  villages,  notably  Mechanicstown,  New  Hampton,  Denton,  Decker- 
town,  Milton,  Glenwood,  Pine  Hill,  Florida  and  Orange  Farm),  say  at  least.  1,000,000 

Damages  at  Pine  Island  granite  quarries,  miscellaneous  contingencies,  removal  of 

cemeteries,  legal  expenses,  etc 500,000 

Grubbing  and  clearing  3,000  acres  of  wooded  swamp,  at  $70  per  acre 210,000 

Relocation  of  railways,  30  miles  at  $18,000  per  mile  540,000 

Relocation  of  highways,  40  miles  at  $12,000  per  mile 480,000 
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The  separation  of  the  populous  farming  regions  of  Orange  County  by  this 
great  lake  would  doubtless  raise  great  opposition,  unless  some  highway  were  pro- 
vided across  it  near  the  New  York  State  line,  therefore  add  for 
Embankments  and  bridges  across  reservoir,  for  highways,  4  bridges  and  embank- 
ments, say  19,000  feet  total  length  by  30  feet  high  and  rip-rap,  perhaps $1,000,000 

Caring  for  sewerage  of  Middletown,  Goshen,  Deckertown  and  Warwick,  say. . . .  200,000 

Damages  to  water  powers  at  Phillipsburg,  Montgomery,  Walden,  Wallkill, 
Galesville  Mills  and  elsewhere,  including  legal  expenses  and  allowance  for 
undeveloped  power,  say  at  a  guess 500,000 

$10,740,000 
Add  15  per  cent  for  contingencies  and  supervision 1,610,000 

Total  cost  of  water  rights  and  works  for  collection  and  storage,  say, 

very  roughly.  '. $12,350,000 

Probable  Cost  of  Shawangunk  Works. 
(A  very  rough  approximation  from  hasty  reconnaissance.) 

Cost  of  diverting  dam,  say $150,000 

Land  and  buildings,  300  acres,  at  $150 45iOOO 

S  miles  right  of  way,  50  feet  wide,  for  tunnel,  and  including  possible  damages  for 

draining  meadows,  springs  and  wells,  at  $1,600  per  mile I3)000 

Relocation  of  highways,  2  miles,  at  $12,000 24,000 

Connecting  tunnel,  8  miles,  slope  7  feet  per  mile,  diameter  inside  of  lining  6  feet; 

cost  per  mile,  $153,300 1,226,000 

750  linear  feet  shafts,  at  $75 56,000 

$1,514,000 
Add  15  per  cent,  for  contingencies  and  supervision 227,000 

Total  (very  roughly) ■ $1,741,000 

With  the  past  rate  of  increase  in  water  consumption  these  works  would  not  be 
needed  for  i8  years,  which  would  make  their  present  value,  with  interest,  3 
per  cent $i,023|,ooo 

Or  in  round  numbers,  say,  at  leasti 1,000,000 

The  above  supposes  Shawangunk  water  stored  in  Wallkill  Reservoir.  If  stored 
separately  on  Shawangunk  to  avoid  filtration  expenses,  add  to  present  value, 
say 2,ooo,coo 

Probable  Cost  of  Wallkill  Filtration  Works. 
(A  very  rough  approximation,  made  without  definite  locations.) 

• 

To  make  this  as  favorable  as  possible  under  any  reasonable  view,  assume  that  of 
the  Wallkill  water  only  250  million  gallons  has  to  be  filtered,  the  remainder 
being  collected  as  ground  water*  below  the  dam.  Add  from  Shawangunk  35 
million  gallons.     Total  daily,  285  million  gallons  to  be  filtered. 

The  cost  of  this  slow  sand  filtration  plant  is  estimated  on  the  same  basis 
(except  for  some  slight  reductions  on  account  of  easier  work  in  preparing  the 
ground)  as  the  Poughkeepsie  project. 

285  million  gallons  -f  25  per  cent.  =»  356  million  gallons  total  capacity  ; 
built  100  million  gallons  at  start  and  remainder  later  when  required. 

*  It  is  probable  that  the  construction  and  operation  of  intercepting  galleries  and  pumps  would 
make  this  ground-water  portion  of  the  supply  about  as  expensive  as  that  drawn  directly  from  the 
pond  and  filtered  ;  but  to  favor  the  problem  neglect  this  possible  expense. 
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100  million  ga!'on«»  p!ar,%  w::b  a!I  Ucis  and  ba;*<ling>  reqaired  for  whole 
plarit,  at  $23,500  per  m;»l>jn  gallon*,  aboai 

Filters  »;th  a  capacity  of  100  milli'^a  gallons  would  prubabir  cdsi  fexclnsive  of 
.ar«d  and  b  j:.d;r.^«)  $22,500  per  m.I.ion  gallons,  or  $225,000. 

Preven!  value,  with  interest  at  3  per  cent.,  of  additional   fihers,  with  capactitr  of 

100  rr.iilion  gallons  per  day,  to  be  built  8  years  later 

Present  value  of  156  mil. ion  gallons  plant,  deferred  for  15  years 

Toul 


$2,35cs,ooo 


1,780,020 
2,250,000 


$6,380,000 


Probable  Cost  of  Wallkill  Conduits. 

(A  rough  preliminan-  approximation  based  mainly  on  a  study  of  the 
maps  without  reconnaissance  over  the  line.) 


T>ength  :  63  roil**  frcm  F'hillipsburg  to  Cfiy  Lim'ts. 

Ca pacify  :  A  m'-;in  delivery  '4  400  miiiioD  gallons  per  day,  plus  25  per  ceot.  excess  =  500  mi!l*oa  gaJlocs 
per  24  h'jur*'  capacity  when  cl^an. 


37  miles  of  cat -and -cover  aqueduct,  at 

4.8  miles  of  lined  tunnel,  at 

4.7  miles  of  side-lined   tunnel,  at 


15.0  miles  pipe  line  and  siphons,  2  lines,  8  feet  3  inches  diam- 
eter iYx  inch)  each,  at 


1.5  miles  Hudson  river  crossing  (part  steel-pipe  line  and  part 
steel-lined  tunnel) 


15.0  miles  3d  line  of  pipe  deferred  12  years. 
15.0  miles  4th  line  of  pipe  deferred  16  years. 

800  linear  feet  shaft  excavation,  at 

37  miles  of  right  of  way  for  cut-and-cover,  at. 


9.5  miles   tunnel  right   of  way,   including  dumps  and   shaft 
sites,  at 


16.0  miles  right  of  way  for  pipe  line  and  siphons,  90  feet  wide, 
at 


53  miles  bridges,  culverts,  manholes,  blow-offs,  etc.,  at, 
19  siphon  chambers,  at , 


Add  15  per  cent,  for  supervision  and  engineering. 
Probable  total  cost  of  transportation  works 


$211,000 

405,000 
332,000 

157.000 


150 
3»a» 

4.100 


$7,807,000 
1,944,000 
1,560,000 

4,710,000 

900,000 

1,652,000 

1,467,000 

12,000 

111,000 

39,000 


2,700     ; 

43,000 

21,000    ! 

1,113,000 

14,000 

266,000 

$21,624,000 


3,244,000 


$24,868,000 
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Water-Power. 

Dr.  Ries,  in  his  report  on  Geology  of  Orange  County,  1894,  says  : 

**  The  Wallkill  is  a  sluggish  stream  with  liitle  fall  until  it  reaches  Walden  and  Montgomery, 
at  both  which  points  it  cuts  through  the  Hudson  river  slates.  Two  mills  and  a  paper  factory 
are  in  operation  at  Montgomery,  where  the  fall  is  increased  by  a  dam  across  the  river." 

**  At  Walden  the  river  has  a  natural  fall  of  26  feet,  but  since  the  dam  above  the  bridge  was 
constructed  a  fall  of  32  feet  is  obtained.  This  fall  is  utilized  by  the  New  York  Knite  Company, 
employing  350  bands.  The  water  passes  through  six  turbine  wheels,  which  generate  X95  horse- 
power." ♦  ♦  »  •  **  The  Wallkill  Valley  Knife  Works  below  the  bridge  receive  60 
horse-power  from  the  river." 

Below  this  I  noticed  a  dam  about  15  feet  high  furnishing  power  to  a  paper  mill  at  Wallkill, 
and  a  low  dam  at  Galesville  Mills. 

The  U.  S.  Census  of  i88c  shows  that  on  the  tributaries  of  Rondout  Creek,  in  Orange  County 
(and  which  must  apply  principally  to  the  Wallkill  river),  there  were  41  mills  using  1,147  horse- 
power.    This  Census  Report  gives  no  data  about  the  Wallkill  in  detail. 

How  much  of  this  is  actually  affected  by  the  proposed  diversion  of  the  Wallkill  waters  I  am 
unable  to  state,  but  considering  what  is  now  utilized  at  Phillipsburg,  Montgomery,  Walden, 
Wallkill  and  Galesburg  Mills,  together  with  the  possibilities  for  greater  development,  it  appears 
proper  to  include  in  our  rough  first  approximation  an  allowance  for  800  developed,  and,  say,  600 
undeveloped  horse-power  being  taken  away  by  the  proposed  diversion  ;  this  figure  being,  how- 
ever, more  of  a  guess  than  an  estimate. 

A  Rough  Approximation  to  Cost  per  Million  Gallons  of  Potable 

Water  from  Wallkill  and  Shawangunk. 

400  million  gallons  daily  x  365  =  146,000  million  gallons  per  year. 

(There  is  much  doubt  if  a  safe  yield  of  400  million  gallons,  or  of  365 
million  gallons  from  Wallkill  only,  could  be  obtained  because  of  possible  loss 
by  percolation  at  dam  site;  but  to  give  the  project  the  benefit  of  the  doubt 
pending  more  complete  survey  the  full  theoretic  yield  is  assumed.) 

Consirucfion. 

Cost  of  Wallkill  Reservoir,  about $12,350,000 

Cost  of  Shawangunk  Works,  exclusive  of  Wallkill  storage  ($1,741,000),  deferred 

18  years,  about 1,000,000 

Cost  of  Filtration  Works,  100  million  gallons^  capacity,  built  now.    $2,350,000  00 

Cost  of  Filtration  Works,  100  million  gallons'  capacity,  deferred 

8  years 1,780,000  00 

Cost  of  Filtration  Works,  156  million  gallons'  capacity  deferred 

15  years 2,250,000  00 

Total  present  value  of  cost  of  filters 6,380,000 

Cost  of  conduits  in  part  deferred 24,868,000 

Cost  of  Park  Hill  Reservoir  (North  Basin  only) 3,696,000 

Total '.....        $48,294,000 

Total  cost  of  works  for  collection,  storage,  filtration  and  transportation  for  400 

million  gallons'  daily  supply,  not  less  than $45,000,000 
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Operating  Expenses, 


Collection  and  Storage. 


I    Total  Cost  per 
year. 


Per  Million 
Gallcns. 


Interest  on  entire  cost,  structures  and  land  for  collection  and  storage,  | 
3  per  cent,  per  year  on  $12,350,0004-$!, coo, ooo=$i 3,350,000,1 
about ■ 

Sinking  fund  to  pay  off  cost  in  40  years  at  3  per  cent,  interest,  1.326 

per  cent,  per  year  on  $131350,000 > 

I 
Taxes  and  special  assessments  at  0.4  per  cent,  entire  cost | 

1 

Operating  expenses  and  repairs  and  maintenance,  say 

Extraordinary  repairs  and  depreciation  (kept  good  from  maintenance) 
Total  cost  collection  and  storage 


$400,000 

177,000 

54i00o      ! 
60,000      I 


♦2  74 

I   21 

37 
41 


$691,000 


I4  73 


Filtration  of  285  million  gallons  daily  from  Drowned  Lands  x  365  = 
104,000  gallons  per  year. 


Interest  on  entire  cost  of  land  and  structures  (reduced 
to  present  value),  at  3  per  cent,  per  year 

Sinking  fund  to  pay  off  cost  in  40  years  at  3  per  cent. — ! 
1.326  per  cent,  per  year 

Taxes  and  special  assessments  at  0.4  per  cent,  of  entire 
cost 

Extraordinary  repairs  and  depreciation 


Cost  of 

Filtering  per 

Million  Gallons 

Filtered. 


Total  Cost 
per  Year. 


Maintenance,  operation,  labor  and  supplies  at  $3  per 
million  gallons,  3  X  104,000 


$1  84 

84 

24 
96 

3  00 


Total  cost  of  filtering. 


$6  88 


$191,000 

84,000 

25,000 
100,000 

312,000 
$712,000 


Cost  of  Filtra- 
tion Spread  over 

Entire  Quan- 
tity  delivered. 


$1   3» 

57 

16 
68 

2   14 


S4  86 


It  is  quite  possible  that  the  quantity  collected  from  percolation  would 
cost  as  much  for  collection  and  pumping  as  the  water  drawn  directly  costs 
for  filtering. 
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Transp3rtation — 4C0  million  gallons  per  day  x  365=  146,000  gallons  per  year. 


Interest  on  entire  cost  of  structures,  including   Park  'Hill  Reservoir, 
and  land,  at  3  per  cent,  per  year 

Sinking  fund  to  pay  off  cost  in  40  years  at  3  per  cent. — 1.326;^  per  year 

Taxes  and  special  assessments  at  0.2  per  cent,  of  entire  cost 

Extraordinary  repairs  and  depreciation '. 

Operating  expenses  and  repairs 


Total  cost  of  transportation. 


$857,ocx) 

379,000 

57,000 

134,000 

100,000 


Total  of  annual   charges,    comprising  interest,  sinking  fund,  taxes, 
maintenance  and. operating  expenses 

Total  cost  per  million  gallons,  all  figured  on  lowest  reasonable  basis 
and  assuming  the  full  quantity  obtainable 


$1,527,000 

$2,930,000 
20  07 


Per  Million 
Gallons. 


$5  89 
2  60 

39 
92 
68 


$10  48 


While  the  total  cost  per  million  gallons  figures  out  low,  it  must  be 
remembered  that  with  a  view  to  finding  all  reasonable  warrant  for  the  further 
study  of  the  Wallkill  source  we  have  not  included  so  many  extras  as  were 
included  in  the  Ten  Mile  and  Housatonic  estimate,  and  there  are  several  very 
important  contingencies  not  covered,  notably  the  possible  cost  of  securing 
the  13  square  miles  of  the  reservoir  site  which  lies  within  the  limits  of  New 
Jersey,  and  the  possible  extra  expense  of  constructing  a  safe  dam  on  this 
very  doubtful  foundation  which,  perhaps  to  a  great  depth,  is  porous,  modified, 
glacial  drift. 

The  great  and  overshadowing  objection  to  the  Wallkill  project  is  the  question- 
able quality  of  the  water  stored  in  shallow  Howage  over  this  vast  deposit  of  muck 
and  peat,  and  the  grave  doubts  about  filtration  forming  a  perfect  safeguard, 

Springfield,  Mass.,  after  twenty  years  of  bad  water,  may  soon  have  to 
abandon  its  expensive  Ludlow  Reservoir,  and  Greater  New  York  could  not 
afford  to  become  committed  to  anv  such  investment  as  the  Wallkill  source 
would  involve  without  the  most  thorough  expert  investigation  upon  the 
purification  of  water  stored  in  shallow  flowage  over  a  swamp  bottom  by 
filtration  and  long  continued  experiments. 

Rondout  Watershed. 

Next  beyond  the  Wallkill  and  the  Shawangunk  lies  the  Rondout  Creek, 
and  from  the  road  and  township  maps  it  would  appear  hopeful  that  much 
more  than  200  square  miles  of  drainage  area  could  have  its  yield  by  gravity 
flow  diverted  into  the  same  general  aqueduct  system  as  the  Shawangunk  and 
Wallkill. 
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The  main  objections  found  in  our  brief  examinations  to  this  watershed 
are: 

First — Its  small  watershed  above  the  elevation  required  for  delivery  to 
New  York  at  high  pressure  by  gravity  flow. 

Second — The  limited  opportunity  for  storage  reservoirs  and  the  con- 
sequent limitation  of  the  yield  of  the  watershed  above  Ellenville  to  probably 
somewhere  between  25  and  50  million  gallons  per  day. 

Third — The  great  difficulty,  delay  and  expense  involved  in  bringing 
this  water  under  or  around  the  Shawangunk  Mountain  toward  New  York. 

The  maps  and  a  brief  examination  of  the  Ramapo  Company's  Napanach 
and  Ellenville  sites  appeared  to  give  so  little  encouragement  that  in  the  press- 
ure of  other  matters  no  detailed  study  of  the  possibilities  was  made  in  the 
field. 

The  present  lack  of  information  about  the  Rondout  watershed  furnishes  another  instance  of 
the  great  advantaf^e  that  would  follow  the  extension  of  the  topographical  survey  to  this  region, 
and  of  the  difficulty  and  slowness  of  progress  in  answering  questions  on  water  supply  wiihoat  good 
topographic  maps. 

The  head  waters  of  the  Rondout  Creek  are  mountain  streams,  each 
draining  a  comparatively  narrow  territory,  and  from  such  brief  views  as  were 
had  of  a  few  of  the  valleys  in  which  these  streams  flow,  they  are  typical  ravine- 
like, narrow  valleys  with  the  stream  falling  rapidly,  and  thus  presenting  little 
expectation  of  economical  storage  sites.  Because  of  our  scant  time  they 
were  not  explored.  These  streams,  flowing  generally  in  a  southeasterly  direc- 
tion, have  their  focus  at  Ellenville  and  Napanach. 

The  Ramapo  Company  has  filed  on  two  reservoir  locations  lying  very 
near  together  and  adjoining  the  Village  of  Ellenville,  and  has  called  them  the 
Sandberg  and  the  Napanach  Reservoirs.  The  Delaware  and  Hudson  Canal 
location  is  alongside  these  sites. 

Mr.  Ropes'  brief  examination  of  these  sites,  and  the  barometric  and  rail- 
road levels  showed  both  the  Napanach  and  the  Sandberg  sites  to  be  too  low 
for  economical  delivery  of  the  water  at  elevation  300  in  New  York  by  gravity 
flow. 

The  Sandberg  site  is  on  much  the  smaller  tributary,  but  is  the  higher  of 
the  two.  Its  flow-line  might  perhaps  be  put  as  high  as  elevation  350,  and 
allowing  only  10  feet  for  drawdng  it  down,  we  should  have  only  40  feet  left  to 
give  slope  to  a  conduit  that  would  have  to  be  little,  if  any,  less  than  80  miles 
long  to  reach  New  York. 

The  Napanach  Reservoir  is  fed  by  a  large  drainage  area,  but  apparently 
could  not  have  its  flow-line  carried  much,  if  any,  above  elevation  320  above 
sea. 
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We  made  no  exploration  along  the  different  branches  in  the  high  moun- 
tains to  the  westward,  for  the  outline  maps  available  indicated  little  hope  of 
finding  adequate  storage  at  a  reasonable  cost.  Even  if  a  suitable  site  could 
be  found  on  each  of  the  principal  branches,  there  would  be  the  disadvantage 
of  having  a  number  of  widely  separated  reservoirs,  on  different  streams, 
requiring  expensive  branch  conduits  to  gather  their  water  into  the  main  line, 
and  entailing  increased  expenses  for  operation. 

Another .  very  serious  obstacle  to  obtaining  a  supply  from  the  Upper 
Rondout  is  the  difficulty  of  getting  it  out.  On  the  east  side  of  the  valley 
the  Shawangunk  Range  extends  in  an  unbroken  line  from  the  New  Jersey 
border,  north,  nearly  to  Rosendale.  The. elevation  of  the  passes  near  EUen- 
ville  are  about  1,500  feet  above  sea,  and  the  width  of  the  range  at  narrowest 
parts  of  its  base  must  be  nearly  five  miles.  To  take  water  from  the  Sandberg 
Reservoir  to  New  York  would  require  either  that  the  conduit  line  should  be 
deflected  north  about  15  miles  to  get  around  the  end  of  Shawangunk  Moun- 
tain, or  that  a  tunnel  must  be  driven  through  the  mountain,  which  would  not 
be  less  than  4  miles  long  between  shafts  of  reasonable  depth;  and,  because 
of  the  low  elevation  at  which  this  grade  line  must  be  laid  in  order  to  drain 
the  Sandberg  Reservoir,  the  conduit  would  be  practically  all  tunnel  for  nearly 
24  miles  to  the  vicinity  of  Newburg. 

With  the  foregoing  facts  in  view,  although  the  exploration  was  much 
less  complete  than  we  would  have  made  had  there  been  more  time,  we  feel  safe 
in  saying  that  water  supply  for  New  York  City  from  the  Upper  Rondout  is 
impracticable  at  reasonable  cost  in  comparison  with  other  sources. 


35 


532  Appendix  No.  15. 

Appendix  No.   1  5. 

Brooklyn. 

By  the  very  complete  estimate  of  cost  of  the  proposed  Long  Island 
supply  from  east  of  Massapequa,  made  by  Mr.  I.  M.  de  Varona  in  1896 
(see  p.  74,  Brkln.  Rept.),  the  total  cost  of  construction  was  estimated  at 
$24,500,000,  and  the  cost  per  million  gallons  was  estimated  at  $39.03. 

In  this  the  interest  is  figured  at  3.5^  and  the  sinking  fund  as  entered  in  estimate  is  about 
equivalent  to  a  50  year  annuity  at  3^  which  is  .0088  per  year.  (On  page  31  of  Brooklyn  Report 
Sinking  Fund  is  stated  to  be  syi%i  but  the  period  is  not  stated.  The  actual  entry  in  Table  47 
shows  .008805  per  year  for  works  as  a  whole.)  The  total  of  Mr.  de  Varona's  interest  and  sinking 
fund  are  thus  4.38^,  while  J.  R.  F.'s  total,  with  a  40  year  annuity,  is  3  4.  1.326  «»-  4.335^,  or 
substantially  the  same. 

It  is,  however,  to  be  noted  that  in  all  the  Freeman  estimates,  while  the  above  annuity  is 
provided  for  to  retire  all  the  bond^  at  end  of  40  years,  a  second  annuity  is  added  "  for  renewals,"* 
or  to  form  a  sinking  fund  to  replace  old  pumps  and  boilers  with  new  after  an  assumed  life  of  25 
years,  and  to  replace  old  steel  conduits  with  new  after  an  assumed  life  of  50  years,  and  to,  in  a 
similar  manner,  renew  many  other  parts  of  the  works,  so  that  the  annual  charges  in  the  Freeman 
estimates  not  only  retire  all  the  bonds  at  the  end  of  40  years  but  also  turn  the  works  over  **  good 
as  new  "  at  end  of  term.  An  allowance  of  0.4^1^  for  taxes  and  special  assessments  is  added,  which 
does  not  appear  in  the  Brooklyn  estimates.     See  (his  report  p.  332-6. 

So  far  as  I  am  able  to  analyze  Table  No.  47  of  the  Brooklyn  report  for  the  purpose  of  patting 
the  above  estimate  of  $39.03  per  million  gallons  strictly  in  parallel  with  the  estimates  in  Tables 
No.  6  and  No.  8,  it  appears  that  fully  $1  per  million  (and  perhaps  $1*75)  would  have  to  be  added 
to  cover  this  larger  annuity,  etc.,  making  total  cost  at  least  $40  per  million  gallons  delivered,  if  pot 
on  same  basis  as  Tables  Nos.  6  and  8. 

Plainly  the  Housatonic  will  give  very  much  the  cheaper  supply  per 
million  gallons,  besides  saving  $20,000,000  of  the  immediate  expenditure. 

If  the  Housatonic  high-pressure  gravity  supply  proves  inexpedient 
because  of  inter-State  complications  or  extravagant  demands,  then  all  the 
information  that  I  have  been  able  to  collect  points  very  strongly  to  the 
importance  of  immediately  developing  the  Long  Island  sources  east  of  the 
Massapequa  and  utilizing  the  drainage  from  substantially  the  whole  of  the 
territory  proposed  in  the  Brooklyn  Report  of  1896. 

SOURCES  IN  SUFFOLK  COUNTY. 

I  have  not  had  time  to  study  this  matter  sufficiently  to  present  definite 
recommendations  or  designs  for  structures,  but  have  spent  several  days 
driving  through  this  watershed,  carefully  examining  it  and  noting  its  freedom 
from  pollution,  inquiring  from  the  farmers  the  depth  of  their  wells  and  the 
elevation  of  the  ground  water,  and  in  company  with  an  experienced  geologist, 
have  made  in  the  field  such  brief  investigation  as  the  time  afforded,  of  the 
features  bearing  upon  the  question  of  water  supply.  Everything  yet  seen 
points  to  this  territory  east  of  Massepequa,  as  an  uncommonly  good  gather- 
ing ground  for  domestic  water  supply. 
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There  are  indicatkxis  in  the  geological  structure  and  in  the  depth  of  a 
few  wells  that  the  catchment  area  does  not  extend  so  far  north  as  the  surface 
levels  indicate  or  ^  is  marked  upon  the  maps  of  the  Brooklyn  Report,  but 
this  can  probably  be  in  some  degree  offset  by  improved  methods  of 
collection. 

The  territory  is  remarkably  free  of  sources  of  pollution,  will  probably 
yield  an  unusually  high  percentage  of  the  total  rainfall,  and  in  the  interstices 
of  its  loose  gravel  formation  above  the  impervious  floor  of  clay,  which  gravel 
formation  extends  for  probably  an  average  depth  of  from  40  to  60  feet  over 
almost  the  entire  area  under  consideration,  there  is  a  natural  storage  reservoir 
for  retaining  not  only  the  rainfall  of  February  in  storage  ready  to  be  drawn 
upon  in  October,  but  of  even  greater  storage  value,  in  storing  up  the  rainfall 
of  a  series  of  wet  years  so  that  it  can  be  drawn  upon  in  a  series  of  dry  years, 
and  giving  promise  that  it  will  be  possible  to  utilize  a  larger  proportion  of  the 
total  rainfall  than  in  the  most  generous  system  of  storage  in  surface  reser- 
voirs or  natural  lakes.  This  subterranean  storage  is  safe  beyond  ordinary 
pollution  and  shielded  from  ordinary  evaporation  loss  and  costs  nothing  for 
dams;  it  merely  waits  for  cheap,  well-considered  treatment  to  extract  its 
water,  and  I  am  led  to  believe  that  a  moderate  amount  of  experimental  work 
will  prove  that  this  can  be  done  in  a  better  manner  than  heretofore  and  with 
such  slight  lowering  of  the  ground  water-level  at  any  one  point,  that  a  large 
portion  of  the  water  can  be  taken  away  with  no  injury  to  the  growing  crops 
and  with  no  damage  or  inconvenience  to  the  farmers.  If  not  drawn  into  an 
aqueduct  this  water  must  escape  slowly  and  unseen  into  the  sea,  through  the 
porosity  of  the  deep  gravels,  and  it  would  appear  just  as  well  that  a  part  of  it 
be  drawn  by  an  underground  channel  toward  Brooklyn,  as  that  all  should  run 
to  waste  into  the  sea. 

The  foregoing  applies  only  to  the  water  in  the  upper  gravel  above  the 
blue  clay.  I  am  led  by  the  result  of  these  investigations  to  believe  there  is 
no  hope  of  securing  any  considerable  quantity  of  good  water  from  the  lower 
gravels  by  deep  wells. 

Supply  frotn  Deep  Wells  on  Long  Island. 

The  possibility  of  obtaining  an  ample  supply  of  good  water  from  deep 
wells  extending  beneath  the  upper,  or  blue  clay,  and  tapping  deeper  water- 
bearing strata,  has  probably  fewer  advocates  to-day  than  a  few  years 
ago,  but  it  appeared  proper  to  give  the  subject  some  study,  particularly  since 
it  was  conspicuously  mentioned,  with  some  hope,  on  page  8  of  the  Brooklyn 
Report  of  1896.  The  success,  in  a  limited  way,  of  some  wells  on  Long 
Island  and  of  many  wells  in  New  Jersey,  helps  to  make  this  possible  source 
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of  supply  arouse  popular  hope.  If  the  case  is  really  hopeful,  exploration 
should  be  extended  by  new  test  wells  farther  east ;  if  the  case  is  hopeless, 
then  this  should  be  found  out  and  the. illusion  not  be  permitted  to  stand  in 
the  way  of  real  progress.    . 

As  a  result  of  the  studies  hereinafter  described  /  find  no  encouragement 
for  spending  any  considerable  sum  on  deep  wells  with  the  hope  of  obtaining  there- 
from any  sufficient  supply  for  municipal  purposes.  There  appear  the  best  of 
reasons  for  expecting  that  water  from  the  deep  gravels  will  be  more  expen- 
sive to  obtain  than  from  the  upper  gravel,  inferior  in  quality  because  of  iron, 
sulphur  and  other  mineral  elements  in  solution,  and  the  geological  structure 
of  the  sub-strata  appears  to  absolutely  forbid  the  withdrawing  of  any  large 
volume  for  a  long  period  without  an  admixture  of  salt  or  brackish  water 
being  drawn  in,  or  robbing  the  upper  gravel  of  water  more  cheaply 
obtainable. 

Whatezfer  potable  water  is  continuously  taken  out  of  the  ground  upon  Long 
Island  must  have  its  source  in  rain  falling  upon  Long  Island.  Deep  artesian 
wells  can  by  no  possibility  be  supplied  by  zvater  from  the  mainland. 

The  situation  may  be  rounded  up  as  follows :  On  the  north  there  are  no 
deep  pervious  strata  and  the  primitive  impervious  bed-rock  lies  near  the 
surface  all  along  the  Connecticut  shore.  On  the  east  and  south  lie  the 
Atlantic  Ocean.  On  the  west  any  possible  subterranean  flow  through  deep- 
lying  porous  strata  must  be  cut  off  by  the  continuous  dam  of  impervious  trap 
rock  which  outcrops  forming  the  Palisades  and  continues  all  the  way  south 
under  Jersey  City,  Bayonne,  and  to  Perth  Amboy;  a  secondary  dam  is  found 
in  the  rocky  backbone  of  Manhattan  Island  and  the  line  of  serpentine  rock 
underlying  the  Staten  Island  hills. 

This  matter  of  a  possible  supply  from  deep  wells  has  been  already 
explored  at  considerable  expense  to  the  city  by  certain  test  wells,  which  are 
doubtless  worth  their  cost  for  the  information  and  the  limited  quantities  of 
water  that  they  give.  The  information  as  to  the  sub-strata  obtained  by  these 
borings  is  extremely  valuable,  and  while  for  scientific  purposes  a  few  more 
deep  wells  in  carefully  selected  locations  would  be  worth  their  cost, 
in  making  sure  of  the  geological  formation  over  a  wider  extent  of  territory, 
a  careful  study  of  the  geological  indications  found  on  the  surface,  taken  with 
what  the  present  wells  have  shown,  gives  no  hope  of  adding  to  the  water 
resources  from  tapping  the  deep  gravels  to  any  such  extent  as  needed  for 
the  future  supply  of  Brooklyn  and  Queens. 

Stated  in  popular  language:  The  blue  clay  stratum  averaging  loo  feet 
thick,  covering  nearly  the  entire  area  of  Long  Island,  at  a  depth  averaging, 
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say,  40  or  60  feet  beneath  the  surface  and  immediately  beneath  the  yellow 
gravel,  forms,  probably  over  most  of  this  area,  a  water-tight  roof  sloping 
gently  to  the  south  over  the  lower  gravel,  which  prevents  the  rain  water  from 
reaching  the  lower  gravel,  excepting  along  its  narrow  northern  edge  and 
through  such  holes  in  this  broad  sheet  of  clay  as  have  been  plowed  out  by 
the  glacial  ice  cap,  or  furrowed  out  by  the  streams  from  the  melting  ice  at  the 
close  of  the  glacial  epoch. 

Beneath  this  water-tight  roof  of  clay  lies  a  stratum  of  water-bearing  gray 
gravel  10  to  100  feet  thick,  and  beneath  this  gray  gravel  lie  strata  of  clays  and 
gravel  alternating  and  aggregating  500  feet  or  more  in  thickness  above  the 
bedrock. 

The  spaces  between  the  particles  of  gravel  and  sand  in  these  strata 
between  the  roof  of  clay  and  the  floor  of  primitive  rock,  say,  300  or  400  feet 
in  total  thickness,  exclusive  of  the  clay  strata,  form  probably,  33,  or  at  least, 
25  per  cent,  of  the  entire  volume  of  this  gravel  and  sand  and  these  interstices 
are  filled  with  water  imprisoned  there  for  ages  or  very  slowly  percolating  sea- 
ward as  fresh  water  from  rainfall  comes  in  through  holes  in  the  roof;  but  any 
large  draft  upon  this  water  must,  in  course  of  time,  if  larger  than  the  inflow 
from  the  small  area  receiving  rainfall  which  drains  into  it,  slowly  draw 
in  sea  water  to  take  its  place.  This  subterranean  reservoir  beneath  the  upper 
blue  clay,  if  25  per  cent,  of  the  entire  mass  400  feet  in  depth  is  water,  may  be 
regarded  as  a  reservoir  100  feet  deep  and  of  an  area  about  as  large  as  Long 
Island  itself,  and  having  an  exceedingly  slight  current  southward,  from  the 
small  inflow  of  rain  water. 

If,  to  obtain  a  clearer  conception,  we  must  assign  numerical  values,  let 
us  say  that,  as  with  ordinary  storage  of  rainfall  upon  the  surface,  a  million 
gallons  per  day  per  square  mile  is  the  utmost  average  yield,  then  if  we  draw 
out  from  deep  wells  25  million  gallons  per  day,  there  must  come  into  the 
gravel  to  take  its  place  a  volume  of  water  equivalent  to  the  rainfall  drainage 
from  25  square  miles  of  territory,  and  unless  the  leaks  in  our  clay  roof  have 
tributaries  of  25  square  miles  of  area  on  the  surface  of  Long  Island,  sea  water 
must  slowly,  in  the  course  of  years,  work  back  in  to  take  its  place.* 

And  if  sufficient  water  comes  in  through  the  leaks  of  the  sloping  clay- 


*  A  little  arithmetic  indicates  that  if  our  deep  well  is,  say,  2  miles  away  from  the  outcrop  of  the 
cretaceous  gravel  under  the  sea  and  the  material  homogeneous,  so  that  water  would  i>ercoIate  with 
equal  freedom  in  all  directions,  and  the  equivalent  depth  of  net  water  lOO  feet,  naif  of  which 
could  be  extracted,  if  the  forej^oing  be  granted,  then  to  exhaust  a  reservoir  of  4  miles  diameter 
50  feet  deep  would  require  only  4.5  years  steady  pumping  at  the  rate  of  25  million  gallons  per 
day.  Of  course  the  flow  would  noi  be  exactly  uniform  in  all  directions  and  there  would  be  some 
influx  of  fresh  water,  but  this  simple  computation  shows  that  these  deep  subterranean  reservoirs 
are  not  inexhau<stible,  as  has  indeed  been  practically  shown  by  the  water  at  one  or  more  of  the 
deep  wells  becoming  brackish. 
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roof  to  supply  this  draft,  then  the  possible  yield  of  the  yellow  gravel  and  the 
surface  streams  is  robbed  thereby  to  the  full  measure  of  this  leakage,  of  the 
water  it  could  otherwise  yield  through  shallow  wells  or  surface  flow. 

It  has  been  suggested  that  deep  strata  might  bring  water  from  the 
mainland  of  Connecticut  across  Long  Island  Sound,  and  that  if  so,  these 
lower  gravels  would  furnish  an  inexhaustible  supply.  This  matter  has  in 
the  past  been  strongly  presented  and  was  indeed,  as  I  am  informed,  the 
main  argument  used  to  encourage  the  boring  of  the  present  deep  wells.  I 
therefore  called  to  my  aid  Professor  William  O.  Crosby,  of  the  Massachusetts 
Institute  of  Technology,  who  has  given  much  attention  to  economic  geology. 
Professor  Crosby  made  a  careful  compilation  of  all  the  available  publications 
by  other  geologists  relating  to  the  geology  of  Long  Island;  corresponded 
with  certain  geologists  who  have  studied  special  features  of  this  field,  and 
together  we  visited  the  pumping  station  at  Massapequa,  examined  samples 
from  well  borings,  drove  north  across  the  island  to  Hicksville  and  Beth- 
page,  then  eastward  to  Hempstead  and  back  to  Myricks.  On  another  day, 
starting  at  Patchogue,  a  line  was  explored  across  the  western  side  of  Lake 
Ronkonkoma,  thence  around  the  lake  and  eastward  nearly  along  the  line 
marking  the  southern  limit  of  glacial  action,  to  Coram;  and  thence  across 
to  the  shore  line  and  clay  beds  of  Port  Jefferson,  and  back  via  Medford  to 
Patchogue,  noting  at  various  points  by  aneroid  barometer  the  surface  level 
and  the  water  level  as  shown  by  wells  and  ponds.  On  a  third  day,  the  forma- 
tions and  outcrops  of  the  north  shore,  back  and  forth  near  Oyster  Bay,  were 
studied  in  the  field.  Long  days  were  made  and  many  miles  of  road  travelled 
each  day,  and  the  reconnaissance  served  to  give  a  comprehensive  view  of  the 
territory  tributary  to  Myricks  and  Massapequa  and  of  the  middle  portion  of 
the  territory  proposed  for  additional  supply  in  the  Brooklyn  Report  of  1896, 
and  while  a  much  more  extended  and  through  research  would  be  interesting 
and  make  the  boundaries  more  sharply  defined,  the  main  facts  stand  forth 
plainly  already. 

Professor  Crosby's  report  is  given  in  Appendix  No.  16,  and  his  con- 
clusions are  that  any  large  supply  below  the  blue  clay  is  hopeless,  the  good 
quality  of  water  from  any  projected  deep  well  uncertain ;  and  that  any  water 
coming  across  from  the  Connecticut  mainland  an  impossibility,  and  that 
while  similar  geological  strata  give  good  water  in  New  Jersey,  there  is  no 
apparent  means  for  this  water  to  cross  to  Long  Island. 

Thus,  by  elimination  of  deep  wells,  we  have  left  for  consideration  only 
the  same  sources  reported  upon  by  Mr.  de  Varona  in  1896,  namely  surface 
streams  and  driven  wells  in  the  top  gravel. 
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Supply  from  the  Upper  or  Yellow  Gravel. 

I  have  not  had  sufficient  time  to  fully  work  out  certain  plans  for  develop- 
ing this  water  in  the  way  that  appears  to  give  the  best  promise  of  quality  and 
quantity  and  would  hesitate  before  suggesting  a  departure  from  methods  and 
estimates  which  show  so  much  care  as  Mr.  de  Varona's,  but  since  there  have 
been  objections  to  diverting  any  of  this  water  very  forcibly  brought  out  since 
the  time  of  Mr.  de  Varona's  studies,  culminating  in  the  refusal  of  the  State 
to  permit  any  more  of  the  Long  Island  water  from  Suffolk  County  to  be 
diverted  toward  Brooklyn,  and  since  heavy  claims  for  damages  have  been 
entered  against  the  city  for  diversion  of  these  ground  waters  at  certain  points, 
it  is  profitable  to  discuss  briefly  the  conditions  regarding  the  subterranean 
flow  and  to  suggest  other  and  perhaps  better  means  of  taking  the  same  water. 

I  may  venture  to  add  that  notwithstanding  the  experience  of  Mr.  de 
Varona  and  his  associates  and  predecessors,  which  has  been  to  a  considerable 
extent  adverse  to  driven  wells,  I  am  inclined  to  regard  the  underground  water 
stored  in  the  interstices  of  the  saturated  yellozu  gravel  above  the  blue  clay, 
as  affording  the  very  best  of  storage,  ample  in  volutnc,  removed  frofn  pollu- 
iiofij  and  in  many  zvays  cheaper  and  better  than  the  storage  to  be  obtained 
from  surface  ponds  or  reservoirs,  and  would  be  led  to  seek  somewhat  different 
means  of  taking  out  the  ground  water  than  those  heretofore  employed.  It, 
at  present,  appears  to  me  to  be  preferable  to  tap  the  saturated  upper  gravel 
at  a  depth  of,  say,  40  or  50  feet,  at  such  frequent  intervals  that  the  level  of 
the  water  table  would  not  be  so  much  disturbed  locally  as  by  the  present 
methods  of  driven  w^ells  and  pumping  stations  a  mile  or  so  apart. 

In  the  past,  the  surface  streams  and  surface  storage  have  stood  first  in 
favor  and  the  ground  water  taken  as  a  last  resort.  /  bcliezfe  this  order  of 
preference  can  be  reversed  unth  probable  advantage  in  safety  to  health  and 
in  economy  of  construction  and  in  the  lessening  of  damage  claims. 

The  new  territory  may  be  found  free  of  some  or  all  of  the  troubles  that 
have  brought  the  shallow  and  deep  wells  both  into  disfavor  at  Jameco,  Clear 
Stream  and  Forest  Stream,  and  this  question  of  iron  and  other  impurities  in 
the  water  of  the  new  territory  could  be  answered  in  advance  with  tolerable 
certainty  by  inexpensive  wash-drill  exploration. 

On  page  15  of  the  very  full  and  valuable  description  of  the  Brooklyn 
Water  Supply  prepared  by  Mr.  I.  M.  de  Varona,  published  in  1896,  the  case 
against  driven  wells  is  very  forcibly  stated  as  follows  (see  pp.  15-16): 

"  Driven  wells,  as  a  continuous  source  of  supply,  are  open  to  various  objections.  The 
extreme  difficulty  (except  in  special  cases)  of  determining  the  tributary  area,  prevents  anv  sitisfac- 
tory  estimate  of  the  probable  yielc],  and  for  the  same  reason,  in  case  of  pollution,  it  is  difBcult  to 
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remedy  it  or  even  trace  its  sources.  ♦  *  * .  Doubts  as  to  the  permanence  of  ihe  supply  may 
well  be  entertained,  ♦  *  ♦  possibly  also  deterioration  in  quality.  •  ♦  ♦  Legal  conaplica- 
tions  attending  extent  of  area  affected  may  be  apprehended.  *  *  «  Infiltration  of  salt  water 
from  the  ocean  imminent,  except  under  the  most  careful  management.*' 

'*  The  water  from  a  deep  test  well  at  Forest  Stream  Station  is  so  impregnated  with 
sulphuretted  hydrogen  as  to  be  unfit  for  use." 

**  At  Jameco,  Clear  Stream  and  Forest  Station  the  iron,  silica,  magnesia,  alum,  lime  and 
other  constituents  of  the  soil  combine  to  form  an  almost  impervious  coating  over  the  well 
strainers,  greatly  diminishing  or  totally  obstructing  the  flow." 

P'rom  the  context  we  note — 

At  Jameco — The  shallow  wells  averaging  43  feet  in  depth  give  much  trouble  from  clogging. 

At  Clear  Stream — The  150  wells  average  38  feet  in  depth,  as  redriven  in  1894. 

At  Forest  Stream — Wells  driven  in  1884  were  pulled  up  in  1894  and  redriven.  The  average 
depth  of  the  shallow  wells  at  this  station  being  41  feet. 

I  therefore  venture  to  suggest  a  different  line  of  development  and  to 
present  some  of  the  reasons  for  thinking  that  the  ground  water  from  shaUozc 
wells  50  to  70  feet  deep,  but  not  penetrating  tlxe  blue  clay,  may  be  found  pref- 
erable to  a  development  of  the  surface  water. 

First — True  Watershed  Area: 

The  area  of  the  subterranean  watershed  can  be  learned  in  advance  with 
sufficient  accuracy  to  permit  reliable  estimates  of  the  safe  yield  of  wells  at  a 
given  locality. 

From  the  geological  studies  of  Appendix  No.  16  we  may  question  if  the 
area  tributary  to  the  Brookhaven  conduit  line  proposed  in  the  Brooklyn 
report  of  1896  extends  nearly  so  far  north  as  indicated  on  Maps  Nos.  i  and 
II  of  the  said  Brooklyn  report,  and  as  I  have  stated  in  the  footnote  to 
my  Map  No.  17,  at  the  worst,  the  northern  boundary  of  this  watershed  may 
perhaps  be  found  on  an  east  and  west  line  passing  just  south  of  Lake  Ronkon- 
koma,  thus  cutting  off  nearly  40  per  cent,  from  the  area  of  200  square  miles 
j( about  235  by  scale  of  maps)  indicated  as  available  in  the  Brooklyn  report : 
this  non-conformity  of  the  surface  divide  with  the  subterranean  divide  being 
due  to  the  pushing  up  the  clay  stratum  into  a  continuous  ridge,  of  which  the 
Bethpage  clay-pits  give  some  intimation,  by  the  advance  of  the  great  con- 
tinental glacier. 

In  my  line  of  barometric  levels  across  the  island  from  Patchogue  to 
Port  Jefferson  I  noted  a  very  suggestive  ridge  extending  easterly  between 
Medford  and  Coram,  and  found  the  ground  water  level  near  Port  Jefferson 
as  shown  by  wells  apparently  sloping  to  the  north  while  the  surface  of  the 
ground  sloped  south.  This  is  a  matter  of  extreme  importance  and  demands 
very  complete  study. 

Whether  or  not  there  is  actually  so  small  a  gathering  ground  as  only 
120  square  miles  instead  of  235  or  200  could  be  learned  by  a  series  of  com- 
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paratively  cheap  and  shallow  wash-drill  borings,  made  under  proper  super- 
vision, and  by  observations  made  once  a  month  at  these  wells  upon  the  eleva- 
tion of  the  ground  water  in  the  yellow  gravel. 

Water  flows  "  down  hill "  in  percolating  through  porous  gravel  just 
as  certainly  as  on  the  surface,  and  by  determining  the  elevation  of  the 
ground  water  and  plotting  its  contours,  much  as  Mr.  Kirkwood  determined 
it  in  some  of  his  earlier  studies  on  the  Brooklyn  supply,  the  direction  of  flow 
and  the  true  limit  of  the  watershed  could  be  made  known  with  certainty. 

Second — Slow  Transportation  of  Ground  Water: 

The  freedom  of  the  subterranean  water  from  pollution  and  the  length  of 
its  time  of  transit  in  the  ground,  during  which  bacterial  life  would  most  prob- 
ably cease,  is  indicated  by  a  little  study  of  its  course  while  slowly  flowing 
through  the  gravel.  Figure  No.  104,  not  drawn  to  scale,  may  be  con- 
sidered as  representing  a  north  and  south  vertical  section  along  the  line 
of  flow.  Assume  the  total  length  from  the  watershed  line  to  the  conduit  line 
to  be  8  miles  and  the  depth  of  the  saturated  gravel  50  feet.  These  dimen- 
sions are  not  far  from  the  actual  distance  and  probable  depth  on  a  section 
near  Massapeqiia. 


Numerical  values  will  serve  to  give  definiteness  to  our  conceptions  and 
with  these  round  numbers  as  a  basis  the  results  can  be  reduced  to  fit  the 
width  and  depth  at  any  particular  locality. 

The  mean  velocity  of  the  ground  water  flowing  seaward  through  the 
saturated  gravel  must  be  given  by  dividing  the  quantity  passing  in  a  unit  of 
time  by  the  area  of  its  channel.  Consider  a  strip  1  foot  in  width — that  is — 
between  vertical  north-south  planes  i  foot  apart. 

The  average  yearly  rainfall  at  Brooklyn  is  about  43.3  inches.  Of  this 
probably  not  far  from  24  inches  will  sink  into  the  ground  and  slowly  per- 
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colate  seaward.  The  entire  quantity  passing  the  line  of  the  conduit  and  the 
driven  wells  from  the  8  miles  inland  will  be  8  x  5,280  x  2  =  84,500  cubic 
feet  in  an  average  year. 

The  area  of  section  through  which  all  this  must  pass  is  i  foot  wide  by 
50  feet  deep.  Wherefore,  if  this  were  an  open  channel  devoid  of  gravel  the 
mean  velocity  of  the  water  would  be 

84,500  .      ^ 

—  "^  -  =  1,690  feet  per  year. 

In  absence  of  mechanical  analysis  of  this  gravel  for  effective  size  and 
uniformity,  since  it  is  obviously  of  a  very  open,  porous  character,  but  not 
uniform  in  size,  assume  that  in  a  cubic  foot  of  the  gravel  30  per  cent,  is  voids 
and  70  per  cent,  solidity — or,  in  other  words,  that  a  cubic  foot  of  the  sat- 
urated gravel  would  contain  30  per  cent,  of  water  by  bulk.  The  30  per  cent. 
of  water  in  one  particular  cubic  foot  of  space  to-day  will  have  moved  for- 
ward to  occupy  another  cubic  foot  of  space  to-morrow,  and  although  the 
sectional  area  of  the  interstices  measured  on  a  plane  at  right  angles  to  the 
direction  of  flow  would  be  much  less  than  30  per  cent,  of  50  square  feet,  the 
mean  velocity  of  translation  may  be  considered  as  if  flowing  in  a  channel  of 
0.3  square  feet  net  area  per  foot  of  gross  area.  This  gives  for  the  section 
I  foot  wide  by  50  feet  deep,  a  net  equivalent  channel  area  of  1 5  square  feet, 
and  therefore  the  mean  velocity  of  transfer  or  flow  of  water  past  the  site  of 
the  wells  must  be  not  far  from 

84, 500  cu.  ft.  per  year  .      ^ 

— r- — - —    ~  5*  600  feet  per  year. 

15  sq.  It.  ^'  ^ 

This  proves  that  near  the  conduit  line  the  water  must  be  moving  sea- 
w-ard  at  the  rate  of  about  one  mile  per  year,  or  about  15  feet  per  24-hour  day; 
but  this  is  the  place  of  maximum  velocity,  for  obviously  as  we  go  north  the 
volume  of  water  passing  a  given  vertical  east  and  west  section  rapidly  becomes 
less  as  the  northern  border  of  the  watershed  is  approached,  while  the  depth 
of  the  saturated  gravel  probably  lessens  in  smaller  degree. 

It  is  therefore  probable  that  a  given  barrelful  of  water  poured  into  the 
ground  at  B,  3  miles  from  the  wells,  would  be  at  least  4  years  in  reaching 
the  wells,  and  that  any  pathogenic  bacteria  would  have  been  nitrified  and 
rendered  harmless — killed  by  starvation  and  suffocation — ^before  reaching 
the  vicinity  of  the  wells. 

There  are  some  "  ifs  "  in  the  data  from  which  we  have  computed  this 
rate  of  flow  (for  example,  the  uniformity  of  the  gravel),  and  it  would  be  well 
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to  make  a  practical  test  by  putting  down  a  few  wash-drill  holes  200  feet  apart 
on  the  line  of  flow,  and  at  various  depths,  dose  the  upstream  well  with  a  few 
gallons  of  strong  brine — and  then  take  samples  of  water  daily  from  the  lower 
wells  for  analysis,  and  thus  determine  the  speed  and  course  of  the  percola- 
tion. 
Third— Depth  of  Bottom  of  Well  a  Safeguard  Against  Pollution: 

With  a  well  tapping  the  saturated  gravel  at  50  feet  below  the  surface 
the  water  may  be  expected  to  have  become  sterile  by  the  time  it  has  reached 
the  point  of  withdrawal  even  though  polluted  on  the  surface. 

Out  of  the  mean  annual  rainfall  of  43.3  inches  assume,  as  before,  that 
24  inches,  or  2  feet  in  depth,  soaks  down  into  the  porous  gravel.  If  the 
gravel  contained  33  per  cent,  of  voids  then  this  2  feet  of  rain  soaking  into 
the  ground  in  each  year  would,  as  it  slowly  moved  downward,  if  drawn  ofl 
from  the  bottom,  occupy  a  vertical  space  of  6  feet,  somewhat  as  indicated 
in  Figure  105. 


If,  therefore,  we  were  certain  that  the  gravel  were  equally  pervious  at  all 
places — and  it  does  appear  to  be  nearly  so — we  would  be  fairly  certain  that 
rain  water  falling  near  the  line  of  the  wells  and  polluted  by  matters  on  or 
near  the  surface,  would  either  be  carried  by  and  out  to  sea,  if  the  draft  by 
the  well  were  a  small  portion  of  the  whole,  or  if  the  wells  were  taking  nearly 
the  entire  average  yield,  5  or  6  years  would  elapse  before  it  sank  to  the  level 
of  the  well-point  apertures  through  which  it  would  be  withdrawn;  and  in  the 
meantime  it  would  have  become  thoroughly  treated  by  very  slow  sand  filtra- 
tion and  any  bacteria  taken  from  the  surface  destroyed  or  starved. 
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Considering  in  combination  the  principles  stated  in  the  two  paragraphs 
above,  and  sketching  the  path  of  the  rainfall  on  its  way  to  the  wells  in  Figure 
106,  it  appears  pretty  nearly  certain  that  any  water  reaching  the  wells  either 
from  near  or  distant  points  must  have  become  thoroughly  filtered  on  the 
way,  and  that  the  Itcalth  of  the  commtinity  will  be  much  safer  wken  using 
ground  water  properly  collected  than  when,  as  now,  taking  the  main  supply 
from  surface  drainage  and  from  the  surface  outcrop  of  ground  water  and 
from  open  ponds  in  which  algje  or  bacteria  may  thrive  and  into  which  a 
heavy  shower  may  wash  noxious  matter  from  adjacent  roads  or  fields. 


Possibility  of  Developing  the  Entire  Yield  of  the  Watershed  from  Wells: 

By  a  judicious,  well  regulate"^d  pumping  from  wells  driven  to  a  level  just 
above  the  blue  clay  and,  say,  100  feet  apart,  more  or  less,  it  is  possible  to 
extract  almost  the  entire  subterranean  flow  as  effectually  as  though  one  had 
a  perfectly  tight  line  of  sheet  piling  or  a  masonry  core  wall  extending  east 
and  west  along  the  south  edge  of  Long  Island  reaching  from  the  surface 
down  into  the  blue  clay. 

To  make  this  clear  consider  that  in  Figure  107  A  is  500  or  1,000  feet 
nearer  the  sea  than  B  and  that  the  ground  water  level  is  reduced  by  pump- 
ing until  there  is  a  counter  slope  from  B  to  A,  or,  indeed,  until  the  water 
merely  stands  level  at  A  and  B.  Whenever  the  ground  water  level  is 
reduced  to  this  extent,  then  all  flow  from  the  north  to  the  sea  beyond  the  line 
of  EC  or  AF  must  cease,  for  water  with  a  free  surface  under  ground,  as  above 
.ground,  only  flows  down  hill. 
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The  pressure  is  transmitted  freely  through  the  spaces  between  the 
coarse  sand  grains  and  there  can  be  no  flow  from  the  vertical  transverse 
plane  through  BC  to  the  similar  vertical  transverse  plane  AF,  unless  the 
head  or  level  or  hydrostatic  pressure  at  B  is  greater  than  that  at  A  and  F. 

As  a  practical  matter  it  would  be  necessary  to  maintain  the  water  level  a 
very  little  higher  at  B  than  at  A  to  avoid  the  possibility  of  brackish  water 
flowing  back  under  the  influence  of  a  counter  slope,  but  this  could  be  easily 
regulated  by  test  pipes  set,  say,  200  feet  and  728  feet  away  from  the  line  of 
the  pump  wells,  or  one-tenth  of  a  mile  apart,  and  maintaining  a  head  at  the 
200-foot  line,  say,  0.12  feet  higher  than  at  the  728-foot  line,  which  is  i-io 
mile  from  the  first  test  well. 

Then,  since  the  normal  slope  of  the  ground  water  from  the  north  toward 
the  sea  is  here  probably  about  12  feet  per  mile,  and  since  the  velocity  of  flow 
of  water  in  small  pipes  or  by  percolation  is  nearly  in  direct  proportion  to 
the  slope,  it  would  be  almost  certain  that  po  per  cent,  of  the  entire  subter- 
ranean iiozv  was  being  abstracted  and  10  per  cent,  left  flowing  toward  the  sea, 
or  by  a  similar  adjustment  of  the  slope  in  the  water  table  from  B  toward  A  to 
the  general  slope  of  the  water  tables  north  of  the  wells  any  desired  propor- 
tion of  the  total  rain  water  percolating  toward  the  sea  could  be  taken  out. 

Diversion  of  Ground  Water  Without  Injury  to  Crops: 

While  I  am  personally  somewhat  skeptical  about  the  real  injury  to  crops 
by  any  such  drying  out  of  the  ground  as  can  be  produced  by  pumping  driven 
wells,  particularly  after  having  personally  examined  the  excellent  crops 
grown  last  season  on  ground  near  Medford,  Long  Island,  and  at  other 
localities  where  the  level  of  ground  water  as  shown  by  depth  of  wells  is  said 
to  be  about  60  feet  below  the  surface,  it  is  a  fact  that  under  the  present  sys- 
tem of  driven  wells  the  ground  water  is  lowered  near  the  long  lines  of  wells 
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sometimes  to  the  extent  of  20  feet,  and  this  lowering  has  been  carried  on, 
I  am  told,  in  extreme  cases,  until  a  small  lowering  was  noticed  half  a  mile 
away. 

S»¥  aJbout    I  mil* 


Vartica!  Soctlon  on  EaiVWeit  Plane. 


The  present  condition  may  be  represented  roughly  by  Figure  108. 

If,  now,  we  had  a  continuous  line  of  wells  along  the  conduit,  say,  100 
or  perhaps  200  feet  apart,  a  much  larger  quantity  of  water  could  be  obtained 
without  lowering  the  ground  water  level  at  any  point  to  nearly  so  great  an 
extent  as  now,  and  not  to  an  extent  sufficient  to  injure  crops.  The  condition 
in  the  latter  case  as  compared  with  the  former  is  represented  by  the  two 
series  of  curves  of  Figure  109. 


v.oa 


A  Possible  Method  of  Diverting  Ground  Water: 

The  foregoing  consideration  leads  to  the  suggestion  that  it  may  be 
possible  to  devise  a  better  form  of  conduit  and  a  better  method  of  diverting 
the  ground  water  than  that  heretofore  followed,  one  which  shall  better  guard 
the  public  health,  utilize  a  larger  per  cent,  of  the  rainfall,  and  avoid  heavy 
claims  for  damages  to  the  crops. 
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,  I  therefore  venture  to  present  the  following  sketch,  Figure  1 10,  merely 
as  a  first  study,  subject  to  modification,  of  what  is  substantially  a  deep  cut 
and  cover  aqueduct  with  a  continuous  line  of  wells  feeding  it  by  gravity 
flow.  In  the  pressure  of  other  matters  I  have  not  had  time  to  work  up  the 
details  and  present  this  now  merely  to  give  more  point  to  my  suggestion  on 
page  537  that  the  possibilities  of  development  of  the  Long  Island  ground 
waters  have  not  been  exhausted  and  that  the  objections  so  strongly  urged 
against  driven  well  supplies  can  probably  all  be  successfully  overcome  by 
study  and  experiment. 


'u'^Ku  7"  i'^"'  s«crcH  Illustrating  a  pojsibl£  mcthod 
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To  thoroughly  investigate  the  possibilities  .of  the  Long  Island  water- 
shed east  of  Massapequa,  and  incidentally  study  more  fully  the  watersheds 
already  in  use,  would  require  a  full  season's  work  under  an  appropriation 
of  say  $25^000  for  wash-drill  borings,  chemical  and  bacterial  analysis  and 
engineering  study  to  determine  the  watershed  limits  and  the  configuration  of 
the  surface  of  the  blue  clay  floor  underlying  the  yellow  gravel ;  to  locate  the 
eroded  valleys  in  it,  or  the  possible  holes  in  this  floor  through  which  the  rain- 
fall may  leach  to  strata  below;  chemical  analysis  of  the  water  from  these 
w^ash-drill  borings  or  test  wells  to  determine  the  presence  of  iron  or  sulphur; 
and  in  general,  a  thorough  survey.  Obviously,  I  have  had  no  such  data  for 
a  guide  as  such  a  complete  investigation  would  give,  but  have  found  suffi- 
cient data  to  prove  that  such  a  complete  study  will  be  well  worth  its  cost  if 
the  Ten  Mile  and  Housatonic  sources  cannot  be  secured,  and  that  some  addi- 
tional studies  should  be  made  before  the  construction  is  begun  on  the  prin* 
ciples  and  plans  laid  down  in  the  Report  of  1896. 

This  is,  without  doubt,  one  of  the  most  remarkable,  most  extensive  and 
most  uniform  gravel  deposits  in  the  world,  and  it  would  be  difficult  to  imagine 
more  ideal  conditions  for  the  gathering  of  a  large  and.  unfailing  ground  water 
supply.  All  requirements  for  the  expense  of  storage  reservoir  is  rendered 
unnecessary,  for  the  interstices  of  the  ground  form  a  more  capacious  storage 
than  is  ever  constructed  by  damming  and  flooding  a  valley  and  this  sub- 
terranean reservoir  is  shielded  from  evaporation  and  from  pollution,  and  will 
in  all  probability  yield  a  larger  safe  yield  per  square  mile  of  watershed  than 
the  highest  line  on  Figure  49. 

Twenty-five  thousand  or  fifty  thousand  dollars  expended  in  learning  the 
best  way  to  develop  a  supply  that,  by  the  Brooklyn  estimates  of  1896,  would 
cost  complete  nearly  $24,000,000  is  surely  not  an  extravagance,  and  these 
sanw  investigations  wouldy  without  doubt,  add  to  the  value  of  the  zvaterslwds 
already  in  use. 

I  may  venture  to  add  that  there  is  good  warrant  to  be  found  for  recommending  that  a  long 
continuous  strip  of  land — a  ** right  of  way"  1,000  feet  wide  along  the  conduit  line — should  be 
purchased  and  held  by  the  Municipality  for  the  preservation  of  the  purity  of  the  ground  waters 
entering  the  conduit  from  the  driven  wells.  The  surface  of  this  could  be  slowly  developed  as  a 
natural  parkway  containing  a  broad,  gentle  curving  macadam  road,  like  the  parkways  around 
Boston  or  its  Metropolitan  reservations,  and  thus  rar  more  than  compensate  the  county  for  its 
unused  waters  diverted.  If  the  aqueduct  and  line  of  wells  were  located,  say  750  feet  from  the 
northern  edge,  there  would  be  a  barrier  against  outside  pollution  which  (see  page  540)  it  would 
take  the  ground  water  about  fifty  days  to  hlter  across. 
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Borough  of  Richmond — Staten  Island. 

This  island  covers  an  area  of  49  square  miles  exclusive  of  the  salt  marsh 
on  its  borders  and,  according  to  the  approximate  estimates  of  the  New  York 
Department  of  Health,  contains  a  population  of  68,254.  Of  this  total  popu- 
lation a  very  considerable  portion  has  collected  in  small  villages  which  have 
not  yet  received  the  benefits  of  a  public  water  supply.  For  example,  the 
inhabitants  of  the  thrifty  villages  of  Pleasant  Plains  and  Prince's  Bay  still 
obtain  their  water  from  wells  like  country  towns,  and,  for  example,  the  large 
and  valuable  factory  of  the  S.  S.  White  Dental  Instrument  Mfg.  Co.  at 
Prince's  Bay  is  without  public  w^ater  for  fire  protection  or  general  purposes. 
Indeed,  with  the  exception  of  the  small  village  of  Tottenville  and  a  small 
private  plant  at  New  Dorp,  the  south  half  of  the  island  is  without  a  public 
water  supply. 

Wells  in  the  backvard  become  more  and  more  a  menace  to  health  as  the 
villages  are  prosperous  and  grow,  and  a  full  supply  of  soft,  pure  water  suit- 
able for  domestic  and  manufacturing  purposes  is  one  of  the  encouragements 
toward  growth,  increased  real  estate  values  and  prosperity  which  the  present 
strong  municipality  appears  in  duty  bound  to  furnish. 

The  large  villages  on  the  north  end  of  the  island  are  supplied  by  two 
private  water  companies,  whose  present  contracts  are  said  to  expire  in  1902 
(see  Rept.  N.  Y.  Dept.  Water  Supply,  1898,  p.  31),  the  Crystal  Water  Com- 
pany supplying  the  northeast  corner  of  the  island,  and  the  Citizens'  Water 
Company  supplying  the  northwest  corner. 

The  report  of  the  New  York  Department  of  Water  Supply,  1898,  page  31, 
states  that  these  two  companies  supply  in  all  about  6.5  million  gallons  per 
day.  If  this  estimate  is  accurate  it  gives  a  surprisingly  large  per  capita  use, 
but  this  I  did  not  attempt  to  investigate. 

The  Village  of  Tottenville,  at  the  extreme  south  end  of  the  island,  is  sup- 
plied by  a  small  plant  owned  by  the  municipality,  which,  according  to  the 
Report  of  the  New  York  Department  of  Water  Supply,  1898,  page  31,  has  a 
reliable  daily  yield  of  a  little  more  than  150,000  gallons — one-sixth  of  a 
million  gallons — per  day. 

A  new  lo-inch  well,  said  to  be  for  a  reserve,  was  in  progress  in  April, 
1900. 

When  visited  by  one  of  my  assistants  in  April,  1900,  this  plant  was  found 
delivering  about  80,000  gallons  per  day  (plunger  displacement)  and  it  was 
said  that  in  summer  this  was  increased  to  125,000  gallons  per  day. 

This  Tottenville  water  was  locally  reported  a  little  hard,  but  not  unsatis- 
factory. 
36 
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The  said  report  further  states,  page  94,  that  all  this  water  supply  for  he 
Borough  of  Richmond  is  *'  very  hard  "  and  implies  that  it  is  not  of  the  best 
quality  for  manufacturing  purposes  or  for  use  in  boilers.  I  have  not  found 
time  to  examine  particularly  into  questions  of  wells,  pumps,  or  pipe  distribu- 
tion systems,  but  have  confined  my  brief  examination  mainly  to  a  considera- 
tion of  the  questions  of  extensions  and  of  obtaining  an  additional  supply  free 
from  pollution,  the  need  of  which  is  very  obvious.  In  company  with  Prof. 
Crosby  I  have  made  a  brief  examination  of  the  topography  and  geology  of 
the  island,  questioning  into  the  possibility  of  supply  from  local  sources.  For 
his  very  full  answer  to  the  questions  relative  to  driven  wells  and  to  true  arte- 
sian wells  in  various  localities  on  the  island  reference  may  be  had  to  his  full 
report  in  the  latter  portion  of  Appendix  16. 

The  indications  are  that  the  capacity  of  the  local  sources  already  dis- 
covered or  developed  are  taxed  nearly  to  the  safe  limit  by  the  population 
already  supplied,  and  would  be  overtaxed  if  the  pipes  were  extended  to  the 
villages  not  now  supplied,  and  such  brief  examination  as  I  have  found  it 
possible  to  make  in  the  brief  time  allowed  for  this  report  all  point  very 
strongly  to  the  necessity  of  bringing  from  the  mainland  the  water  needed  for 
extension  and  future  growth. 

Proposed  Supply  from  Mainland  via  Brooklyn. 

My  present  views  are  that  the  cheapest  and  best  means  for  securing,  an 
adequate  future  supply  is  to  bring  it  across  the  Narrows  from  Brooklyn  in 
submerged  ball-joint  pipe,  and  to  establish  a  large  reservoir  between  the  hills 
oh  the  northern  part  of  Statcn  Island  oE  such  capacity  that  there  should 
always  be  an  ample  reserve  on  hand  against  accident  or  interruption  of  flow 
through  these  submerged  pipes.  So  far  as  yet  studied  it  appears  entirely 
practicable  to  carry  water  from  the  proposed  terminal  high-pressure  reser- 
voir at  Park  Hill,  near  the  northern  boundary  of  the  Borough  of  The  Bronx 
across  to  Brooklyn;  thence  in  an  almost  straight  line  to  Bay  Ridge;  thence 
across  the  Narrows  to  Stapleton  or  Rosebank,  and  thence  a  short  distance  to 
a  distributing  and  storage  reservoir  at  about  elevation  200  above  sea. 

The  arranj^ement  of  pipes  for  conveying  this  water  which  at  present  appears  most  feasible  is 
to  extend  directly  south  from  Long  Island  City  one  of  the  two  steel  pipes  proposed  elsewhere  in 
this  report  as  leading  from  the  Park  Hill  to  Ridgewood,  carrying  it  in  as  nearly  a  straight  line  as 
possible  southwesterly  directly  and  full  size  to  Bay  Ridge,  branching  off  on  the  way,  by  36-inch 
tees  to  Ridgewood  and  Prospect  Park  Reservoirs,  with  weighted  reliefvalves  on  the  outlets  feeding 
these  reservoirs,  thus  retaining  the  full  Park  Hill  pressure — less  friction — in  the  conduit. 

This  large  pipe  would  thus  serve  for  the  main  artery  for  supply  and  fire  protection  in  the 
most  important  commercial  and  manufacturing  districts,  and  for  the  interests  along  the  water- 
front for  all  Brooklyn,  affording  high  pressure  water  in  ample  volume  for  the  most  severe  demand, 
and  at  the  same  time  give  an  ample  surplus  of  capacity  for  the  supply  of  Staten  Island  and  the 
future  needs  of  the  Gravesend  district. 
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This  main  artery  to  be  tapped  only  by  main  pipes  at  intervals  of  say  K  mile,  and  to  be  cut 
into  blocks  of  about  a  mile  in  length  by  36'inch  gates  set  on  reducers  on  the  venturi  principle. 
So  that  a  section  could  be  temporarily  cut  out  and  by-passed  by  the  rest  of  the  distribution  system. 

From  Bay  Ridge,  close  to  Fort  Hamilton,  the  pipe  proposed  would  start  across  in  water  of 
moderate  depth  in  which  divers  could  readily  work,  and  in  the  narrow  deep  central  channel  tbe 
depth  indicated  by  the  U.  S.  C.  S.  charts  is  about  60  feet  and  not  below  that  at  which  divers  can 
do  the  little  work  required.  It  is  proposed  to  use  flexible  joint  pipe  similar  to  the  **  Falcon  '* 
pipe  of  about  double  the  ordinary  thickness,  much  of  the  way  across  the  depth  is  less  than  40- 
feet. 

Ultimately  two  lines  of  pipe,  each  of  say  24-inch  diameter  in  the  submarine  part,  should  be 
laid,  the  two  lines  being  preferably  at  least  300  feet  apart. 

There  is  from  surface  indications,  and  so  far  as  one  can  judge  without  numerous  test  pits  and 
borings,  an  excellent  site  for  the  reservoir  of  any  desired  capacity,  between  the  hills  at  or  near 
the  site  of  Silver  Lake.  The  surface  soil  appears  to  be  remarkably  impervious,  as  is  indeed  shown 
by  the  existence  of  this  pond. 

The  cost  of  transportation  of  this  water  across  to  Staten  Island  from 
Brooklyn  and  from  Park  Hill  depends  on  the  proportion  of  the  large  line 
through  Brooklyn  charged  to  Brooklyn,  but  putting  as  much  as  appears  fair 
upon  Staten  Island  and  dividing  this  by  the  quantity  that  would  naturally  be 
provided  for  in  the  capacity  of  these  pipes  in  view  of  present  and  prospective 
population,  the  cost  per  million  gallons  would  be  moderate,  or  not  exceeding 
$  per  million  gallons. 

Necessity  for  Bringing  Nnv  Supply  from  Brooklyn  or  Mainland. 

The  reasons  for  this  are  so  plain  that  the  explanation  may  be  brief. 
Brief  consideration  will,  I  believe,  cause  anyone  to  admit  that  the  four 
methods  described  below  are  the  only  practicable  methods  or  sources  for 
securing  a  water  supply  of  the  magnitude  that  the  public  needs. 

/i>j/— Storage  of  surface  water,  in  reservoirs  which  collect  and  retain  the  storm  water  plus  the 
"spring  water,"  or  ground  water  which  falling  in  rain  is  stored  in  the  interstices  of 
the  soil  between  the  sand  grains  and  slowly  percolates  toward  a  lower  level  until  it 
breaks  out  in  springs. 

Second— Fumping  from  driven  wells  or  pipes  driven  to  30,  50  or  80  feet  below  the  surface,  to  tap 
the  underground  water  coming  from  the  rainfall  that  is  stored  in  the  interstices  of 
loose  sand  or  gravel  formations  or  is  slowly  percolating  seaward  through  the  upper 
strata. 

Third — Pumping  from  deep  wells  or  true  artesian  wells,  thereby  obtaining  water  from  deep- 
strata,  which  probably  soaked  in  at  some  very  distant  point  and  is  slowly  percolating 
seaward  or  toward  a  lower  level,  tightly  covered  by  impervious  strata,  above  the  porous 
stratum,  thus  passing,  it  may  be,  beneath  salt  water  and  closely  held  down  by  the 
strata  above. 

Fourth — Transportation  across  the  Arthur  Kill  or  Kill  van  Kull,  or  across  from  Brooklyn. 

Surface  Water  Supplies  on  Staten  Island  Insufficient, 

A  day's  driving  over  the  island,  or  the  study  of  a  good  topographical 
map,  like  that  in  Bien's  Atlas  of  the  Metropolitan  District,  scale  2  inches  per 
mile,  or  the  topographical  map  of  the  U.  S.  Geological  Survey,  scale  about  I 
mile  per  inch,  will  prove  beyond  question  that  the  watersheds  are  too  small  in 
area,  too  much  cut  up  and  the  streams  too  short  and  too  small  to  give  any 
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hope  of  an  adequate  quantity.  There  are  10  such,  little  brooks  and  valleys,  on 
the  island,  exclusive  of  those  now  utilized,  but  the  entire  10  only  cover  a  total 
drainage  area  of  about  8  square  miles.  The  dam  sites  on  these  streams  give  no 
outcrop  of  ledge,  but  are  on  apparently  deep  deposits  of  an  impervious  and 
rather  soft  bowlder  clay,  which  is  excellent  as  regards  its  impervious  quality, 
but  is  a  material  that  would  erode  so  rapidly,  if  once  overtopped  or  per- 
forated, as  to  make  very  high  dams  impracticable. 

There  are  perhaps  3  or  4  locations  where  little  brooks  leading  from  watersheds  of  I  to  2 
square  miles  could  be  impounded,  and  by  pumping  the  water  to  give  it  additional  pressure  could 
supply  little  communities  of  2,000  to  5,000  inhabitants  ;  but  although  these  particular  watersheds 
iire  not  now  thickly  settled,  they  would  rapidly  become  more  and  more  subject  to  pollution,  and 
it  is,  after  brief  consideration,  plain  beyond  question  that  the  sum  total  of  all  of  the  surface  sup- 
plies that  the  topography  will  admit  of  impounding,  would  quickly  become  inadequate  to  the 
needs  of  the  growing  communities,  and  would  soon,  if  not  from  the  very  start,  require  filtration 
for  safety  against  pollution,  while  most  of  the  sites  would  require  pumping  in  a  small  and  com- 
paratively expensive  way.  The  possibility  of  any  local  surface  supply  may  therefore  be  quickly 
dismissed. 

Additional  Driven  Well  Supplies  for  Statcn  Island. 

The  present  supplies  are  all  from  driven  wells.  While  the  best  locations 
have  doubtless  already  been  occupied  and  appear  to  have  been  pumped  to  the 
full  safe  limit  of  a  dry  year's  yield,  there  are  a  very  few  other  sites  for  wells 
similar  to  those  at  Tottenville,  40  to  100  feet  deep,  that  might  be  developed 
and  temporarily  piece  out  the  supply  for  a  small  village. 

The  conditions  for  obtaining  any  considerable  supply  from  driven  wells  on  Staten  Island  are 
very  unfavorable.  This  water  here  can  have  no  other  origin  than  local  rainfall.  Almost  the 
entire  island  is  covered  with  a  very  impervious  blanket  of  clayey  drift  that  hinders  the 
absorption  of  the  rainfall.  The  subterranean  drainage  areas  are  not  large,  and  the  deposits  of 
porous  strata  in  which  ground  water  may  be  stored  from  a  wet  year  to  a  dry  year  are  not  large. 
The  rainfall  is  sometimes  low. 

The  Brooklyn  rainfall,  nearly  equi-distant  from  the  coast,  per  page  48,  Table  5,  Report  on 
Additional  Water  Supply  for  Brooklyn,  1896,  was — 

32.00  inches  in  1864. 


32.76 
38.02 

in  1863. 
in  1862. 

32.71 

33.41 
32.69 

35.64 

in  1856. 
in  1848. 
in  1845. 
in  1895. 

The  total  evaporation,  as  shown  by  difference  between  rainfall  and  run-off,  averaged  23. 14 
inches  for  the  whole  32  years  of  the  Croton  measurements.  The  total  evaporation  may  be 
smaller  in  a  dry  year  because  of  there  being  less  wet  surface  exposed  to  sun  and  wind,  but  plainly 
the  margin  left  to  supply  ground  water  in  the  relatively  small  deposits  of  porous  gravel  and  san^ 
is  not  sufficient. 

F'rom  a  study  of  the  possible  gathering  ground  and  from  the  impervious- 
ness  of  the  sandy  clay  that  covers  almost  the  entire  island,  it  appears  almost 
certain  that  an  addition  of,  say,  50  per  cent,  to  present  aggregate  yield,  by 
seeking  new  sources  for  shallow  wells  on  the  island  would  be  impossible, 
and  the  water  from  present  wells,  will  become  open  to  suspicion  from  pollu- 
tion as  the  territory  over  the  drainage  becomes  more  thickly  settled. 
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Eighty  per  cent,  of  the  area  of  Staten  Island  is  covered  by  the  terminal 
moraine  of  the  continental  glacier.  The  surface  formation  is  very  imper- 
vious, a  typical  bowlder  clay,  soft  and  sandy— in  fact,  more  sand  than  clay — 
but  which,  as  is  shown  by  the  way  water  stands  in  every  little  hollow  among 
the  hills  for  a  long  time  after  a  rain,  or  apparently  until  evaporated,  does  not, 
like  the  yellow  gravel  of  Long  Island,  let  the  rain  fall  down  early  into  the 
substrata.  It  is  thus  difficult  or  impossible  to  tell  how  much  water  reaches 
the  substrata  from  the  surface,  and  impossible  without  extensive  test-wells  to 
know  where  are  the  boundaries  of  the  subterranean  drainage  area. 
I'o  niuslrale  (he  apparent  limitations  of  the  present  supply,  w 


(s  stated  to  me  by  the  man  in  charge  oE  the  pumps  at  the  Crystal  Water  Com. 
.._.-....._    .,....__...,.,__.,.•    J...       „ils,  ihis  san '      ■  '       '-    ' 

im  of  grav 
[heir  water  i^  drawn,  but  their  pumps  are  tn  the  middle  of  a  broad  hoi 


pany's  Clove  Pumping  Station,  that  in  sinking  their  driven  wells,  this  sandy  clay  was  found  tc 
'"' O  feet  thick  and  that  deep  below  this  was  a  stratum  of  gravel  free  of  clay,   from  which 


(here  very  likely  is  a  rim  of  ledge  around  (he  deeper  part  of  the  basin,   nearly  surrounding  Ihk)- 
gravel,  and  tew,  if  any,  equally  fortunate  sites  can  be  found  on  the  island. 

This  site  has  a  watershed  amounling  [o 1,29  square  miles 

as  shown  by  the  surface,  and  now  is  being  drawn  on  at  the 

rate  of  about 600,000  to  700,000  gallons  per  24  hours 

and  in  summer  is  drawn  on  to  the  extent  of, 1,000,000  gallons  pet  24  hours 

or  sometimes 1,200,000  gallons  per  24  hours 

accordmg  10  the  statement  of  the  man  in  charge. 

This  is  about  all  one  could  expect  to  continue  to  draw  permanently  from  a  watershed  of 
only  1.29  square  miles  with  an  impervious  steep  surface  and  comparatively  little  foliage,  and  with 
the  smell  annual  margin  between  rainfall  and  evaporation  noted  on  the  previous  page. 

lm[>ossibiUty  of  A)iy  Large  Artesian  Siipf>ly  on  Slalm  Island. 
Some  persons  are  always  hopeful  about  deep  subterranean  waters  and 
"  underground  rivers." 

The  fact  of  many  good  wells  across  in 
New  Jersey  gives  to  one  not  familiar  with  the 
geolf^ical  conditions  governing  these  matters 
some  warrant  for  hope  in  well-sinking  on 
Staten  Island.  Therefore,  I  asked  Prof, 
Crosby  to  review  this  (|uestion  in  the  light  of 
these  New  Jersey  wells  with  especial  t^are. 
His  report  will  be  found  in  Appendix  No.  16. 
II  All  subterranean  water  on  Staten  Island 

must  be  of  local  origin,  for  the  territory  is 
hopelessly  cut  off  from  any  extension  of  per- 
vious strata  from  the  mainland. 

Referring  to  the  outline  sketch  of  Staten 
Island  in  the  margin,  or  better,  to  the  geological  map  of  Staten  Island, 
Figure  112,  it  will  be  seen  that  there  are  two  impassable  barriers  in  the  line 
of  any  such   subterranean   How   of  water   from   New  Jersey   toward   the 
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northern  two-thirds  of  Staten  Island.  The  first  barrier  being  a  con- 
tinuation of  the  great  dike  of  trap  forming  the  Palisades  of  the  Hud- 
son, which  prolonged,  is  the  foundation  on  which  rest  Bergen  Point  and 
Bayonne,  and  which,  although  it  disappears  below  sea  level  at  Bull's  Head 
at  B,  continues  farther  south.  The  second  barrier  is  the  great  eruption  of 
serpentine,  a  primitive  rock  more  anciently  in  place  than  any  possible 
deep  gravel  stratum  through  which  w^ater  might  pass;  this  second  mass 
-of  impervious  rock  presents  an  unbroken  barrier  all  the  way  from  Tomp- 
kinsville  to  the  great  marsh  at  Fresh  Kills,  and  borings  at  Perth  Amboy 
indicate  that  it  continues  farther  south  at  comparatively  shallow  depth. 

This  leaves  only  the  small  marginal  strips  at  A,  B  and  C  in  which  fresh 
artesian  water  from  the  mainland  could  by  any  chance  be  found. 

At  A  the  deep  strata,  mainly  of  sandstone,  slope  backward  to  the  north 
and  west,  or  in  the  wrong  direction  to  convey  it.  At  B,  the  serpentine  barrier 
probably  continues  south  at  no  great  depth  below  sea  level,  for  this  is  indi- 
cated by  borings  at  Perth  Amboy,  and  thus  also  cuts  off  the  territory  C  from 
any  deep  previous  connection  with  the  corresponding  cretaceous  strata  of 
the  New  Jersey  mainland  in  which  water  has  been  found. 

Reference  is  to  be  had  to  Prof.  Crosby's  report  for  a  fuller  discussion  of 
these  matters ;  and  while  it  cannot  be  said  that  a  supply  of  50,000  or  possibly 
100,000  gallons  per  day,  or  sufficient  for  a  large  factory,  might  not  be  obtained 
at  some  of  these  points  (for  a  supply  of  this  size  might  be  of  local  origin 
although  obtained  from  a  deep  bed  of  sand  or  gravel),  any  large  volume  of 
fresh  water  suitable  and  sufficient  for  a  public  supply  from  any  deep  zuells 
<inywhere  on  Staten  Island  is  in  the  highest  degree  improbable. 

The  practical  experience  with  the  deeper  wells  driven  on  this  island  has 
been,  as  would  be  naturally  expected,  either  a  well  entirely  unsuccessful  or 
yielding  but  a  small  flow. 

As  this  borough  becomes  more  populous  the  only  course  left,  is 
the  bringing  of  water  across  either  from  New  Jersey  or  from  Brooklyn. 
If  from  New  Jersey,  it  must  apparently  of  necessity  be  furnished  by  a  private 
•company,  and  one  can  hardly  expect  a  cost  less  than  that  charged  several 
of  the  neighboring  cities  for  their  supply  in  bulk.  While  by  taking  this  as  a 
part  of  the  much  larger  development  required  for  New  York,  and  with  the 
advantage  of  the  low  rate  of  interest  that  the  city  can  secure,  it  would  appear 
certain  that  the  final  cost  from  the  municipal  source  via  Brooklyn  would  be 
oftly  half  or  two-thirds  as  much  as  from  a  private  company  in  Nezv  Jersey. 


Geology,  Long  Island  Water  Sources.  553 

Appendix  No.   I  6. 

Outline  of  the  Geology  of  Long  Island  in  Its  Relations   to   the 

Public  Water  Supplies. 

by  w.  o.  crosby.* 

•  The  writer's  opportUDities  for  original  observations  on  the  geology  of  Long  Island  have 
been  comparatively  limited  ;  and  this  summary,  especially  as  regards  the  statements  of  fact,  is 
therefore  to  a  large  extent  a  compilation  from  the  writings  of  other  students  in  this  field, 
including  especially  Bryson,  Dana,  Hollick,  Lewis,  Merrill,  Ries  and  Upham. 

INTRODUCTION. 

The  leading  facts  in  the  geology  of  Long  Island  having  a  bearing  upon 
the  distribution,  movement  and  availability  of  the  ground  waters  are; 

First — ^The  formations  slope  seaward  20  to  40  feet  per  mile  across  the 
entire  breadth  of  the  island. 

Second — ^They  consist,  from  the  surface  downward,  of: 
(i)  The  yellow  gravel,  usually  50  to  100  feet  thick; 

(2)  The  blue  clay,  also  50  to  100  feet  thick; 

(3)  The  gray  gravel  10  to  100  feet  thick;  and 

(4)  A  great  thickness  (500  feet  or  more)  of  alternating  clays,  sands  and 
gravels  belonging  to  the  Cretaceous  formation  and  resting  upon  the  funda- 
mental cyrstalline  rocks  (granite,  gneiss,  etc.). 

Third — The  chief  water-bearing  strata  are  the  yellow  gravel  the  gray 
gravel  and  certain  beds  of  gravel  and  sand  in  the  Cretaceous  series. 

The  main  purpose  of  this  study  is  to  determine  what  light  our  present 
knowledge  of  the  geological  structure  of  Long  Island  throws  upon  the  fol- 
lowing problems : 

(i)  Is  it  possible  to  obtain  a  copious  supply  of  water  from  deep  wells  on 
Long  Island,  200  feet  or  more  in  depth,  passing  through  the  blue  clay  into 
the  gray  gravel  and  the  still  deeper  water-bearing  strata  of  the  Cretaceous? 
A  supply  of  quality  suitable  for  domestic  purposes  and  in  quantity  sufficient 
for  a  substantial  addition  to  Brooklyn's  water  supply,  say  10,  25,  50  or  more, 
million  gallons  per  day,  or  the  equivalent  of  the  yield  of  a  watershed  of  10, 
25,  50,  or  more,  square  miles? 

(2)  What  certainty  or  probability  is  there  that  wells  40  to  80  feet  deep, 
sunk  in  the  yellow  gravel  but  not  penerating  the  blue  clay,  in  the  region  east 
of  Massapequa,  can  be  made  to  yield  water  of  suitable  quality  for  domestic 
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supply  and  in  quantity  equal  to  the  total  average  catchment  of  rainfall  on  a 
watershed  of  the  area  shown  by  the  surface  topography  to  be  tributary  to  the 
proposed  point  of  taking? 

(3)  Is  there  any  geological  reason  to  expect  that  the  yield  of  ground 
water  available  per  square  mile  will  be  materially  different  in  quality  or  in 
quantity  from  that  in  the  region  already  developed  west  of  Massapequa? 

(4)  Is  there  any  apparent  advantage  in  one  location  over  another  for 
tapping  the  subterranean  waters  of  the  yellow  gravel? 

Although,  in  the  absence  of  many  essential  facts,  it  is  impossible  to  give 
specific  and  definite  answers  to  all  of  these  questions,  certain  general  answers 
or  conclusions  are  indicated  which  it  is  beheved  should  be  regarded  in 
developing  plans  for  an  increase  in  the  water  supply  of  Brooklyn.  These 
conclusions,  as  well  as  the  facts  upon  which  they  are  based,  are  fully  set 
forth  in  the  following  pages,  but  they  may  be  briefly  summarized  here. 

In  regard  to  deep  wells,  it  is  undoubtedly  true  that  while  here  and  there 
a  deep  well  may  tap  a  supply  of  good,  potable  water  sufficient  for  the  sup- 
ply of  a  small  village  or  a  large  factory,  or  a  supply  yielding,  perhaps, 
50,000  to  1 00,000 gallons  per  24  hours,  the  geological  formation  gives  no  hope  of 
finding  any  large  permanent  decp-zvell  supply  sufficient  in  volume  to  form  a  sub- 
stantial increase  to  the  water  resources  of  Brooklyn,  or  adding  materially  to  the 
volunw  that  can  be  obtained  from  shalloiv  zvells.  There  is  no  reasonable  pos- 
sibility of  any  large  volume  of  water  finding  its  way  over  to  Long  Island 
from  the  mainland  by  percolating  through  deep,  porous  strata,  and  whatever 
yield  of  fresh  w^ater  comes  from  these  deep  w^ells  must  have  its  origin  in 
rain  falling  upon  Long  Island. 

There  seems  to  be  no  reason  to  doubt  that  the  water  afforded  bv  the 
yellow  gravel  in  the  region  east  of  Massepequa  would  compare  favorably  in 
quality  with  that  from  the  same  formation  west  of  Massepequa;  but  it  is 
highly  improbable  that  the  yield  of  w-ater  per  mile  of  conduit  extension  would 
be  so  large. 

A  line  extending  approximately  east  and  west  along  the  south  shore  of 
the  island,  back  from  the  sea  just  far  enough  to  avoid  the  indraft  of  water 
rendered  brackish  by  sea  water,  is  obviously  the  best  line  on  which  to  locate 
wells,  because  of  the  southward  dip  of  the  water-bearing  yellow  gravel  and 
its  impervious  floor  of  blue  clay. 

The  surface  valleys  cannot  be  relied  upon  to  give  indication  of  the 
depressions  or  valleys  in  this  clay  floor  of  the  water-bearing  gravel  which 
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The  Water-bearing  Strata. 

The  water-bearing  formations  or  horizons  of  Long  Island  are  prac- 
tically limited,  as  previously  stated,  to  the  yellow  gravel  above  the  blue  clay, 
the  gray  gravel  below  it  and  certain  layers  of  gravel  and  sand  in  the  under- 
lying Cretaceous  formation ;  and,  as  will  be  clearly  set  forth  in  what  follows, 
those  are  named  here  in  the  order  of  their  value  and  availability.  The  yellow 
gravel,  which  receives  and  holds  almost  the  entire  rainfall  of  the  island, 
ranks  first  in  importance ;  while  the  gray  gravel  and  the  Cretaceous  gravels, 
being  cut  off  from  any  possible  influx  of  water  from  the  mainland  of  Con- 
necticut or  New  York,  can  afford  but  a  limited  and  uncertain  supply,  which 
is  likely  to  be  stale  or  mineralized,  and,  if  heavily  drawn  upon,  to  become 
brackish. 

Geological  History  of  Long  Island, 

In  order  to  understand  the  arrangement  and  succession  of  the  strata  and 
to  estimate  the  probability  of  copious  and  permanent  supplies  of  water  of 
good  quality  for  domestic  use  being  found  in  any  particular  stratum,  we 
must  study  the  history  of  the  formations  and  the  conditions  under  which  their 
component  strata  were  laid  down. 

Origin  of  the  Lowest  or  Cretaceous"^  Strata. 

In  late  Jurassic  and  early  Cretaceous  times  southern  New  England 
stood  higher  than  now;  and  the  Connecticut  river,  following  the  belt  of  red 
(Triassic)  sandstone  and  shale  southward  to  the  present  site  of  New  Haven, 
continued  seaward  across  a  lowland  which  is  now  occupied  in  part  by  Long 
Island.  During  Jurassic  and  Cretaceous  times  the  surface  of  this  region  was 
being  slowly  base-leveled  or  reduced  to  the  condition  of  a  peneplain,  partly 
through  the  agency  of  marine  erosion  during  a  slow  subsidence  of  the  land, 
and  the  Cretaceous  sediments,  chiefly  clays  and  sands,  with  beds  of  gravel  in 
the  lower  part,  were  deposited  to  a  thickness  of  500  and  possibly  1,000  feet 
over  the  site  of  Long  Island,  reaching  far  inland  over  a  large  part  of 
southern  New  England.  There  were,  doubtless,  many  oscillations  of  level. 
During  movements  of  subsidence,  the  sea,  actively  wearing  away  the  sinking 
land,  formed  banks  of  gravel  and  sand  near  the  shore  and  deposited  the  clays 
and  finest  sands  farther  out  in  deep,  still  water;  then,  during  movements  of 
elevation,  the  gravel  and  coarse  sand  were  swept  seaward  and  spread  over 

*  To  give  at  least  a  roughly  approximate  idea  of  the  time  required  for  the  formation  of  these 
and  the  succeeding  strata,  it  may  be  stated  that,  according  to  what  appear  to  be  the  best  estimates 
of  the  length  of  geological  time,  the  duration  of  the  Cretaceous  period  was  several  millions  of 
years  ;  and  at  least  two  and  possibly  three  millions  of  years  have  elapsed  since  its  close. 
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the  clays;  and  thus,  by  many  repetitions  of  this  process,  the  alternating  series 
of  coarse  and  fine  sediments  was  gradually  built  up. 

The  land  was  then  slowly  elevated,  exposing  the  newly  formed  Cre- 
taceous sediments  as  a  broad,  smooth  coastal  plain  across  which  the  slug- 
gish streams  wandered  seaward  without  regard  to  their  deeply  buried 
original  channels.  It  thus  happened  that  the  Connecticut,  below  Middle- 
town,  abandoned  its  natural  course  as  determined  by  the  north-south  belt 
of  Triassic  sandstone,  and  wandered  off  to  the  southeast,  reaching  the  ocean 
across  what  is  now  the  east  end  of  Long  Island,  west  of  Montauk  Point. 
The  Housatonic  experienced  a  similar  diversion  to  the  southeast;  but  the 
Hudson  adhered  to  its  original  north-south  course  to  its  present  mouth  at 
the  Narrows,  whence  its  channel  may  be  traced  by  soundings  southeastward 
across  the  sea-bottom  for  a  hundred  miles.  As  the  Cretaceous  strata  were 
gradually  worn  away,  the  streams  cut  down  through  them  into  the  crystalline 
rocks;  and  they  necessarily  held  to  these  new  courses  after  the  Cretaceous 
beds  had  been  completely  removed  from  what  is  now  the  main  land.  This 
explains  the  fact  that  while  north  of  Middletown  the  Connecticut  meanders 
through  a  wide  north-south  sandstone  valley,  south  of  Middletown  it  abruptly 
leaves  this  valley  and  flows  through  a  narrow  gorge  in  the  crystalline  pene- 
plain on  which  it  was  superposed  in  a  purely  accidental  or  fortuitous  manner 
by  the  wearing  down,  during  the  period  of  elevation,  of  the  Cretaceous  plain 
across  which  it  had  pursued  the  most  direct  seaward  course. 

Origin  of  the  Tertiary  Strata,  Including  the  Gray  Gravely  the  Blue  Clay  and  the 

Ycllozv  Gravel. 

The  erosion  of  the  Cretaceous  formation  was  followed  by  a  second  slow 
but  less  extensive  submergence  of  the  land,  during  which  were  deposited  the 
Tertiary  strata.  As  the  Tertiary  sea  slowly  encroached  upon  the  land,  the 
Cretaceous  strata  remaining  above  sea  level  were  worked  over  by  the  waves 
and  the  coarse  material  sorted  out  and  deposited  always  near  the  advancing 
shore  to  form  a  basement  bed  of  coarse,  dark  gray  gravel  and  sand,  while 
the  clayey  element  was  deposited  farther  out  in  deep,  still  water  to  make  the 
blue  clay  formation  overlying  the  dark  gray  gravel  and  sand.  This  dark 
gravel  and  sand  formation,  which,  although  an  important  water  horizon,  is 
more  or  less  interstratified  with  clay,  is  commonly  10  to  20  feet  thick,  but 
sometimes  much  thicker  (50  to  100  feet)  where  it  fills  hollows  in  the  eroded 
Cretaceous  beds.  As  stated  above,  the  blue  clay  was  being  laid  down  at  the 
same  time  with  the  gray  gravel,  the  clay  off-shore  and  the  gravel  in-shore, 
during  a  period  of  subsidence,  so  that  as  the  sea  encroached  more  and  more 
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on  the  land  and  wore  down  and  worked  over  the  earlier  deposits,  the  gravel 
first  laid  down  was  covered  later  by  the  clay  as  the  shore  line  moved  farther 
in.  The  overlying  blue  clay  is  normally  at  least  lOO  feet  thick;  but  in  some 
places  is  much  thinner,  where  it  has  been  eroded  before  the  deposition  over 
it  of  the  great  mass  of  iron-stained  quartz  gravel  the  formation  of  which  is 
explained  in  the  next  paragraph. 

Finally  the  shore  line,  in  its  northward  progress,  reached  the  hard 
crystalline  rocks  (granite,  gneiss  and  schist)  of  the  recently  denuded  Cre- 
taceous peneplain  of  southern  Connecticut,  and  the  subsidence  of  the  land 
beneath  the  waves  was  so  slow  and  long-continued  that  the  sea,  co-operating 
with  subaerial  agencies  (rain,  frost,  streams,  etc.),  had  time  to  develop,  for 
a  breadth  of  5  to  lo  miles,  a  new  (Tertiary)  peneplain  several  hundred  feet 
lower  than  the  Cretaceous  peneplain.  During  this  slow  process  of  pene- 
planation  (wearing  down  of  the  land  to  an  approximately  plane  surface)  the 
sea  also  had  time  to  reduce  all  the  constituents  of  the  crystalline  rocks, 
except  the  quartz,  to  fine  sand  and  clay,  which  were  swept  seaward  by  the 
waves  and  currents  and  deposited  in  deep  water  remote  from  the  land;  while 
the  resistant  quartz,  once  in  the  form  of  narrow  white  veins  in  the  crystalline 
rocks,  but  with  its  matrix  long  since  eroded,  the  veins  themselves  broken  and 
crumpled  by  frost  and  worn  by  flowing  streams  and  further  worn  and  rounded 
by  the  waves  of  the  ancient  sea,  was  left  in  the  form  of  well-rounded  pebbles 
or  gravel,  near  the  shore,  covering  the  newly-formed  Tertiary  peneplain.  The 
gravel  is  thus  essentially  a  residuary  product  of  long  continued  marine 
erosion ;  although  it  probably  consists,  in  part,  also  of  the  worked-over  Cre- 
taceous gravels,  which  had  been  similarly  derived  from  the  crystalline  rocks* 
during  the  development  of  the  Cretaceous  peneplain  and  sediments. 

This  slow  subsidence  of  the  land  was  probably  followed  by  an  oscilla- 
tion (elevation  and  subsidence)  during  which  the  blue  clay  suflFered  some 
erosion  and  the  great  mass  of  quartz  gravel  was  washed  seaward  and  spread 
over  the  eroded  surface  of  the  Tertiary  blue  clay  as  we  now  find  it,  in  a  bed 
having  a  normal  thickness  of  about  75  to  100  feet,  but  attaining  a  greater 
thickness  up  to  300  feet,  where  it  fills  hollows  or  valleys  eroded  in  the  blue 
clay.  This  immense  body  of  residuary  quartz  gravel,  which  is  now  the  prin- 
cipal formation  of  Long  Island,  covering  all  the  plain  country  north  and  south 
of  the  terminal  moraine,  and  which,  by  virtue  of  its  superficial  position  and 
open  (pervious)  structure,  is  also  the  chief  reservoir  of  the  ground  waters,  has 
become  more  or  less  stained  with  iron  oxide  and  is  known  by  geologists  as 
the  yellow  gravel.  From  the  western  end  of  Long  Island  the  yellow  gravel 
extends   southwestward   across  Staten   Island  and  the  lowlands   of   New 
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Jersey ;  and  it  is  to  be  regarded  as  one  of  the  most  important  as  well  as  one 
of  the  latest  formations  of  the  Atlantic  seaboard.  It  belongs  chiefly,  at  least, 
to  the  Lafayette  division  of  the  Neocene  period;  while  the  underlying  blue 
clay  and  gray  gravel  may  be  referred,  provisionally,  to  the  Chesapeake  divi- 
sion of  the  Neocene. 

Origin  of  the  Terminal  MorainCy  the  So-Called  '*  Baek-Bone  "  of  Long  Island, 

Finally  came  the  important  and  long-continued  elevation  of  the  land 
which  ushered  in  the  great  Ice  Age,  the  total  upward  movement  amounting, 
according  to  the  evidence  of  the  deep  submarine  channel  of  the  Hudson 
river,  to  at  least  3.000  feet.  During  this  elevation  of  the  land,  the  lateral 
tributaries  of  the  Connecticut,  Housatonic,  etc.,  wore  back  the  northern  or 
landward  edge  of  the  bed  of  yellow  gravel  and  the  underlying  clays  and 
sands,  developing  the  abrupt  slope  or  escarpment  which  now  forms  the 
northern  edge  of  Long  Island — a  typical  cuesta  overlooking  the  inner  low- 
land which  is  now  occupied  by  Long  Island  Sound. 

As  the  land  gained  in  height,  the  great  ice-sheet  slowly  crossed  the 
lowland,  pushed  against  the  cuesta  or  northward-facing  escarpment,  distort- 
ing the  strata,  and  finally  surmounting  the  cuesta,  built  upon  its  crest  the 
terminal  moraine,  which  is  largely  composed  of  yellow  gravel,  clay  and  sand, 
scraped  up  by  the  ice  from  the  northern  face  of  the  ridge. 

Description  of  the  Terminal  Moraine, 

The  moraine  is,  in  places,  several  miles  wide,  and  ranges  in  height  from 
nothing  to  about  200  feet,  presenting,  where  most  typically  developed,  a 
strongly  undulating  surface — a  disorderly  group  of  winding  ridges,  hum- 
mocks and  hollows,  with  many  closed  basins  or  **  kettles." 

The  moraine,  known  commonly  as  the  "  backbone  "  of  Long  Island, 
is  most  normally  developed  toward  the  west  end  of  the  island,  in  Brooklyn, 
where  the  till  or  bowlder  clay  attains  its  maximum  thickness  of  150  to  200 
feet,  and  thence  eastward  to  Roslyn,  or  as  far  as  the  Sound  is  narrow.  As 
the  Sound  widens  eastward  we  find  that  the  proportion  of  material  which 
was  brought  across  from  the  mainland  by  the  ice-sheet  steadily  diminishes; 
and  the  moraine  is  composed  in  increasing  proportion  of  sand  and  gravel 
scraped  up  by  the  ice  from  the  northern  or  scarp  face  of  the  cuesta,  with 
occasional  bowlders,  sometimes  of  great  size  (10  to  30  feet  in  diameter),  rest- 
ing upon  it. 
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The  deep  fiord-like  indentations  or  bays  of  the  northern  coast  all  have  a 
south-southeast  trend,  coinciding  with  the  direction  of  glacial  movement ;  and 
there  can  be  no  doubt  that  they  were  formed  chiefly,  if  not  wholly,  by  the 
scouring  action  and  thrust  of  thick  lobes  of  the  ice-sheet.  It  is  of  special 
interest  in  this  connection  to  note  that  the  highest  and  broadest  parts  of  the 
moraine  lie  in  the  trend  of  these  fiords,  or  just  where  the  theory  that  the 
fiords  were  plowed  out  by  the  ice  would  lead  us  to  expect  a  special  accumu- 
lation of  material.  Thus,  south-southeast  of  the  indentations  of  the  coast 
named  below  we  find  the  corresponding  hills : 

Hempstead  Harbor Harbor  Hill,  384  feet  high. 

Cold  Spring  Harbor Janes  Hill,  383  feet  high,  and  other  hills  above  3CX>  feet,  including 

the  ridge  extending  south  to  Bethpage. 

Huntington  Bay. Dix  and  Comae  Hills,  250 feet. 

Smithtown  Harbor Mt.  Pleasant,  200  feet. 

Stony  Brook  Harbor Bald  Hills,  200  feet. 

Port  Jefferson  Harbor Reuland's  Hill,  340  feet. 

Wading  River Terry's  Hill,  175  feet. 

That  the  clay  ridge  or  ridges  extending  south-southeast  from  Cold 
Spring  and  Huntington  Harbors  to  Bethpage  and  West  Deer  Park  are  due 
to  glacial  thrust  appears  reasonably  certain,  the  overlying  gravel  having 
been  largely  scraped  off  by  the  movement  of  the  ice. 

The  southern  limit  of  the  ice  action  is  very  indefinite,  being  marked 
chiefly  by  scattering  bowlders.  While  the  ice-sheet  was  building  its  moraine, 
the  water  resulting  from  its  melting  partly  escaped  to  the  southward,  wash- 
ing more  or  less  sand  and  gravel  down  across  the  northern  edge  of  the  broad 
plain  of  yellow  gravel  extending  from  the  moraine  to  the  southern  coast. 
This  over-wash  material  or  apron  plain  is  probably  relatively  unimportant, 
and  we  may  regard  the  main  body  of  the  gravel  forming  this  great  plain  as 
pre-glacial,  and  as  extending  continuously  through  the  morainal  tract  to 
the  northern  coast.  In  fact,  the  moraine  itself  is  chiefly  due  to  the  mashing 
up  and  scraping  up  of  the  gravel  as  previously  stated.  Figure  17  is  a 
generalized  section  of  the  moraine,  showing  its  relations  to  the  underlying 
strata. 

Post-Glacial  Deposits  and  Changes. 

_  m 

Since  the  recession  of  the  ice-sheet  the  land  has  subsided  until  the  sea 
has  covered  the  inner  lowland,  forming  Long  Island  Sound,  and  it  is  sup- 
posed that  this  part  of  the  coast,  after  one  or  more  oscillations,  is  still  sink- 
ing.*    By  virtue  of  the  monoclinal  structure,  the  strata  all  dipping  to  the 

*  The  coast  in  this  vicinity  is  supposed  to  be  sinking  at  the  rate  of  about  2  feet  in  a  century. 
This  matter  was  very  carefully  investigated  by  Prof.  George  H.  Cook,  late  State  Geologist  of  New 
Jersey,  and  his  conclusions  appear  to  be  almost  universally  accepted  or  at  least  undisputed. 
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south  10  to  25  feet  per  mile,  the  northern  coasi  ot  the  island  is  bold  and 
sharply  defined;  while  the  southern  coast  is  shifting  and  indefinite  and 
bordered  by  a  continuous  line  of  barrier  beach. 

The  recent  studies  of  glacialists  afford  fairly  accordant  indications  as 
to  the  length  of  post-glacial  time,  the  most  probable  estimate  being  that 
something  like  10,000  years  have  elapsed  since  the  final  disappearance  of  the 
great  ice-sheet  from  the  latitude  of  Long  Island.  Tne  only  noteworthy 
changes  in  the  geological  formations  of  Long  Island  during  this  post-glacial 
period  are  the  construction  by  the  waves  of  the  barrier  beach  along  the 
southern  coast,  the  erosion  of  the  headlands  of  the  northern  coast,  and  the 
partial  silting  up  of  the  bays,  harbors  and  inlets  of  both  coasts.  The  extent 
of  subaerial  erosion  during  the  same  period  has  been  almost  inappreciable^ 
owing  largely,  as  explained  in  the  next  paragraph,  to  the  high  porosity  of 
the  yellow  gravel,  which  prevents  the  formation  of  surface  streams. 

The  preservation  of  the  integrity  of  the  plain  of  yellow  gravel  south  of 
the  moraine  and  forming  from  one-half  to  two-thirds  of  the  entire  area  of 
the  island,  through  glacial  and  post-glacial  times,  is  undoubtedly  due  to  the 
well  assorted  and  consequently  highly  porous  character  of  the  material^ 
which  absorbs  the  rainwater  and  prevents  the  formation  of  surface  streams 
above  the  general  water  level  of  the  plain.  Where  the  gravel  is  so  situated 
that  it  can  be  undermined  by  the  washing  away  of  the  underlying  clay,  the 
gravel  must,  of  course,  suflFer  erosion  with  the  clay.  But  over  its  upper  sur- 
face the  gravel  is  almost  impregnable,  so  that  its  geological  age  is  out  of  pro- 
portion to  the  slight  amount  of  erosion  which  it  exhibits. 

The  yellow  gravel  must  have  been,  when  first  deposited,  white  or  non- 
ferruginous,  for  the  mechanical  action  of  the  waves  would  soon  remove  the 
pelicle  of  iron  oxide  which  now  invests  each  pebble;  and  the  present  iron- 
stained  condition  ot  the  gravel  is  an  index  of  its  porosity,  being  clearly  due 
to  the  percolation  and  evaporation  of  meteoric  water,  probably  at  a  time 
when  the  land  stood  higher  than  now  and  the  water-level  may  have  sunk 
in  dry  seasons  to  the  bottom  of  the  gravel,  giving  the  atmosphere  a  chance 
to  penetrate  and  peroxidize  the  dissolved  iron,  one  source  of  which  is, 
perhaps,  to  be  found  in  the  pyritiferous  blue  clay,  especially  where  it  has 
been  scraped  up  to  form  a  part  of  the  terminal  moraine. 
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Summary  of  the  Geology  of  Long  Islafid  and  Correlation  of  the  Formations, 

Regarding  Long  Island  as  it  now  exists,  we  find  that  it  is  a  sloping 
plain  from  10  to  20  miles  wide  and  from  100  to  200  feet  high  along  its  deeply 
•  indented  northern  edge.  On  this  high  edge  is  built  the  terminal  moraine, 
adding  from  zero  to  200  feet  to  the  height.  The  crystalline  rocks  are 
exposed  only  on  the  extreme  northwest  corner  of  the  island,  in  Long  Island 
City  and  the  immediate  vicinity  of  Hell  Gate.  The  surface  of  the  crystalline 
rocks  slopes  to  the  southeast,  and  probably  at  a  somewhat  uniform  rate, 
gaining  a  depth  of  about  550  feet  below  sea-level  in  the  first  five  miles,  as 
shown  by  the  artesian  well  at  VVoodhaven. 

L'pon  this  crystalline  floor  rests  the  great  thickness  of  Cretaceous  sands 
and  clays.  The  Cretaceous  outcrop  is  very  largely  covered  by  the  terminal 
moraine;  but  its  southeastern  border  is  a  line  extending,  as  shown  on  the 
map,  from  Bay  Ridge,  on  the  Narrows,  to  Eaton's  Neck.  The  outcrop  of 
the  bed  of  dark  gray  sand  and  gravel  separating  the  Cretaceous  and  Tertiary 
clays  and  forming  the  lower  water  horizon  is  quite  clearly  indicated  by  the 
east-west  indications  of  the  shores  of  the  northern  bays,  from  Manhasset  to 
Eaton's  Neck.  The  intervening  headlands  or  necks  are  thus  more  or  less 
completely  divided,  the  Cretaceous  clays  outcropping  on  the  northern 
member  and  the  Tertiarv  clavs  on  the  southern  member  of  each  neck. 
Beyond  Eaton's  Neck,  however,  the  Cretaceous  clays  are  wanting,  and  in 
the  vicinity  of  Port  JeflFerson  and  on  Crane's  Neck  we  have  only  the  Tertiary 
clavs. 

The   southern   border   of   the   Tertiary   outcrop,   as   the    map   shows, 
passes  near  the  head  of  each  bay  or  harbor.     In  consequence,  however,  of 
the  disturbance  of  the  strata  due  to  the  pressure  and  thrust  of  the  ice-sheet, 
the  Tertiary  clay  also  outcrops  south  of  this  line  at  East  WilHston,  Bethpage  • 
and  West  Deer  Park. 

Near  Brooklyn  the  normal  dip  of  the  strata  is  southeast  and  farther  east 
it  is  south-southeast.  The  dip  evidently  exceeds  the  slope  of  the  broad 
coastal  plain  (10  to  20  feet  per  mile),  averaging,  perhaps,  25  feet  per  mile. 
From  a  comparison  of  the  Woodhaven  and  Barren  Island  artesian  wells, 
Woolman  concludes  that  the  normal  dip  in  that  part  of  the  field  is  south- 
southeast,  about  45  feet  per  mile. 

The  Cretaceous  formation  is  a  complex  of  coarse  and  fine  sediments — a 
constant  alternation  of  sand  and  clay,  with  some  gravel,  through  a  great 
thickness.  The  blue  clay  is  in  part  distinctly  carbonaceous  (black)  and  char- 
acterized by  carbonized  wood  or  lignite,  and  both  disseminated  and  nodular 
sulphide  of  iron  (marcasite).  Superficially,  also,  the  clay  is  often  oxidized 
to  buff  and  brown  tints. 
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The  fact  that  on  Long  Island  the  outcrops  of  the  Cretaceous  and  Ter- 
tiary strata  are  almost  completely  covered  by  the  terminal  moraine,  and  the 
further  facts  that  these  formations  are  still  unconsolidated  and  that  in  the 
morainal  belt  they  have  been  very  extensively  disturbed  and  displaced  by 
the  pressure,  thrust  and  abrasive  action  of  the  ice-sheet  have  baffled  all 
attempts  to  unravel  the  details  of  the  stratigraphy  and  obtain  the  data  for  a 
satisfactory  correlation  with  the  formations  of  New  Jersey  by  surface  obser- 
vations. It  is  obvious  that  for  the  solution  of  this  problem  we  must  depend 
chiefly  upon  the  records  of  artesian  wells  and  other  borings;  and  these  are 
as  yet  insufficient  for  the  purpose.  Greensands,  which  are  such  a  prominent 
feature  of  the  Upper  Cretaceous  of  New  Jersey,  are  conspicuous  by  their 
absence  on  Long  Island.  This  fact,  with  others  of  like  import,  and  the 
absence  of  distinctive  fossils,  indicate  that  the  Upper  Cretaceous,  at  least 
above  the  Clay  Marls,  is,  in  the  main,  unrepresented  on  Long  Island.  This 
may  be  due  to  non-deposition,  but  quite  as  likely  to  the  erosion  which  pre- 
ceded and  attended  the  advent  of  the  Tertiary  strata ;  for  the  borings  indicate 
very  plainly  a  strong  erosion  unconformity  between  the  Cretaceous  and 
Tertiary. 

That  the  blue  clay,  with  its  intercalated  and  underlying  sands  and 
gravels  represents  the  Chesapeake  division  of  the  Neocene  Tertiary  is  reas- 
onably certain;  but  it  does  not  appear  that  the  diatomaceous  phase  of  the 
clay  is  well  or  distinctly  developed  on  Long  Island.  The  yellow  gravel 
which  rests  in  entire  unconformity  upon  all  the  older  formations,  may,  in 
the  main,  at  least,  be  referred  with  confidence,  as  in  New  Jersey,  to  the 
Lafayette  division  of  the  Neocene;  while  the  modified  drift  south  of  the 
moraine,  consisting  to  a  large  extent  of  the  yellow  gravel  and  not  always 
readily  distinguishable  from  it,  but  with  incorporated  subangular  pebbles  of 
granite  and  gneiss,  and  other  glacial  detritus,  is  clearly  the  equivalent  of  the 
Columbia  division  of  the  Pleistocene. 
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Relations  of  the  Ground  Water  to  the  Geological  Structure. 
Water-bearing  Formations  of  the  Atlantic  Seaboard.* 
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j     Glacial  drift,  inclading  the  Termiiial  Moraine. . . 
/     Colombia,  or  glacial  gravel  sootii  of  the  monine. 


i      Lafayette — ^Yellow  grarel 

Cbe&apeake — ^Marls,  days  and  ands,  and   the  great 
I  Diatom  bed 


Shark  River— Part  of  Upper  Marl  bed 12  §BtL 


(    Manasquan — ^Part  of  Upper  ^farl  bed 65  ** 

j     Raococas— Middle  Marl  bed. 50  - 

Upper  Cretaceous. ,  ^     *,            ,1.      (    Red  sand 50  " 

^^                           '     Monmooth-^    Lo^„  Marl  bed 160  - 

Matawan—Claj  Marls. 275  " 


I 


Lower  Cretaceous! . . .    Raritan — Plastic  clay 347 

Jura  Trias. Red  shales  and  sandstones  with  trap  sheets 


b* 


PRJNCTPAL  Water  Horizons  of  New  Jersey.* 

First  Horizon— The  Raritan  Group.  This  may  be  defined  as  a  groap  of  two  or 
three  horizons  in  heavy  gravel  and  cobble  strata  near  the  base  of  the  plasiic  clays,  which  clays  are 
variously  colored  white,  yellow  and  red,  or  they  are  mottled  in  all  these  colore.  The  color  of  the 
water  3rie)ding  gravels  may  be  defined  as  a  yellowish  white  in  contiast  with  those  of  the  neit 
higher  horizon,  which  are  of  a  bluish  white. 

Sacond— The  Sewall  Horizon.  At  the  top  of  the  plastic  clays  and  base  of  the  daj 
marls.  The  water-bearing  graveb  are  often  very  coarse.  Their  color  is  a  bluish  white  in  con- 
trast with  those  of  the  first  group. 

Third— The  Woodbury- Wenonah  Horizon.  This  horizon  is  near  the  base  o 
the  clay  marls.  In  the  region  about  Woodbury  the  depths  of  the  various  wells  seem  somewhat  too 
irregular  to  indicate  a  well-defined  water-bearing  sand,  and  this  horizon  is  there  probably  distrib- 
uted through  a  considerable  thickness  of  laminated  sands,  while  in  the  neighborhood  of  Wenonah 
the  horizon,  according  to  our  present  information,  is  not  so  thick,  and  yet  appears  to  be  more 
decidedly  a  single  sand  bed. 

Fourth— The  Cropwell  Horizon.  This  horizon  is  midway  in  tlie  claj  marl  or 
Matawan  formation.  It  is  not,  so  far  as  yet  known,  more  than  a  few  feet  thick,  but  yields  most!  j 
a  satisfactory  quality  of  water,  often  doing  so  at  points  where  the  water  from  the  next  higher 
horizon,  as  ]%  occasionally  the  case,  proves  somewhat  too  irony. 

Fifth— The  Mariton  Horizon.  At  the  top  of  the  clay  marb  and  base  of  the  tme 
greensand  marl  series,  which  consists  of  the  upper,  middle  and  lower  marl  beds. 

Sixth— The  Linden  wold  Horizon.  A  few  wells  have  been  developed  in  this  hori- 
zon, which  is  within  the  Bryozoan  limesands  next  above  the  middle  marl  bed. 

Seventh— The  950-foot  Atlantic  City  Horizon.     This  horizon  may  be  regarded 

as  one  not  yet  thoroughly  defined.  The  only  wells  so  far  known  that  can  draw  from  it  are  one 
each  at  Winslow  and  Berkeley,  and  one  to  the  950-foot  horizon  at  Atlantic  City.  This  horizon  is 
probably  at  the  base  of  the  Neocene  and  top  of  the  Eocene  beds. 

Elgrhth— The  800-foot  Atlantic  City  Horizon.  About  150  feet  higher  than 
the  preceding  one,  and  about  125  feet  below  the  base  of  the  great  300  to  4oa-foot  Diatom  bed  in 
the  Neocene. 

*  Compiled  from  the  Reports  of  the  Geological  Survey  of  New  Jersey. 
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Ninth— The  700-foot  Atlantic  City  Horizon.  About  100  feet  or  more  higher 
than  the  fifth,  and  a  little  below  the  base  of  the  great  Diatom  bed  in  the  Neocene. 

Minor  horizons  yielding  much  less  water  than  those  above  listed  occur  above  the  ninth  or 
70Q-foot  Atlantic  City  horizon,  in  or  in  close  connection  with  the  great  Diatom  clay  bed  of  the 
Chesapeake  division  of  the  Neocene  strata. 

Tenth— The  Yellow  Gravel  Horizon.  Of  very  exceptional  importance  on  Long 
Island. 

Passing  along  the  coast  northward  from  Bamegat,  N.  J.,  some  of  the 
upper  of  these  horizons  would  not  be  met  with  at  all  points,  but  southward 
from  Bamegat  if  a  well  were  drilled  anywhere  sufficiently  deep  it  would  prob- 
ably find  all  of  them,  unless  perhaps  a  few  of  the  thinner  ones,  which  have  as 
yet  only  been  developed  in  the  central  and  western  side  of  the  coastal  plain, 
might  not  continue  as  open  sands  so  far  seaward. 

The  following  table  gives,  where  known,  the  approximate  interval  in 
feet  from  the  top  of  one  horizon  to  the  top  of  the  next: 

Water  Horizons  in  Stratigraphical  Order,  Commencing  at  the  Top. 

Yellow  Gravel. 


Neocene. 


700-foot  Atlantic  City  horizon— Interval  about  100  feet ) 

800-foot  Atlantic  City  horizon — Interval  about  150  feet ) 

950-foot  Atlantic  City  horizon — Interval  noc  yet  known Eocene. 

Lindenwold  horizon—  Interval  about  50  feet 

Marlton  horizon — Interval  about  115  feet 

Cropwell  horizon — Interval  125  to  150  feet 1    rr**o/«-rtiiB 

Woodbury- Wenonah  hoi  izon— Interval  about  70  feet ^  i-reiaceous. 

Sewell  horizon — Interval  not  yet  determined 

Raritan  horizons — A  group 

The  principal  horizons  near  the  coast  in  northern  New  Jersey  are  the 
Woodbury-Wenonah  and  the  Cropwell.  The  southward  increase  in  the 
depths  of  these  horizons  is  shown  by  the  following  data: 


Asbury  Park. 
Ocean  Grove 

Belmar 

Sea  Girt 

Bay  Head. . . 
Mantoloking. 


CROPWELL 
HORIZON. 


400  feet. 
400     " 
500     " 
600     " 


ik 


710 

790     '' 


WOODBURY- 
WENONAH 
HORIZON. 


525  feet 

525 

650 

735 
885 

922 


Both  of  these  horizons  are  in  the  laminated  sands  (sands  alternating  with  clays)  forming  the 
upper  part  of  the  clay  marl  formation.  The  clay  marl  is  275  feet  thick,  and  is  separated  from  the 
Triassic  by  347  feet  of  plastic  (potters')  clay  and  lignite  of  the  Raritan  formation,  tlie  basal  member 
of  the  Cretaceous. 

The  Raritan  and  clay  marl  formations  are  probably  the  only  divisions  of  the  cretaceous  repre- 
sented on  Staten  and  Long  Islands,  and  the  clay  marl  only  imperfectly. 
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The  Water  Horizons  of  Long  Island. 

Water  in  the  Deep  Strata  of  Long  Island  Must  Be  of  Local  Origin  and, 
therefore,  of  Limited  Quantity. — Long  Island  is  almost  as  completely  isolated 
geologically  as  it  is  geographically.  The  fact  that  its  sedimentary  formations 
do  not  outcrop  on  the  mainland  of  Connecticut  or  New  York  makes  it 
entirely  impossible  that  they  should  derive  water  from  the  rainfall  of  those 
regions,  either  directly  or,  considering  the  massive  structure  of  the  under- 
lying crystalline  rocks  and  still  more  the  continuous  barrier  presented  to  the 
westward  by  the  great  trap  sheet  forming  the  Palisades  of  the  Hudson  and 
extending  south  through  Jersey  City,  Bergen  Point  and  Staten  Island  to 
Perth  Amboy  in  New  Jersey,  by  deep  subterranean  flow. 

Southwestward  the  Cretaceous  and  Tertiary  formations  of  Long  Island 
are  undoubtedly  continuous  with  those  of  Staten  Island  and  New  Jersey,  and 
with  no  barrier  intervening,  save  the  sea ;  but  the  movement  of  the  ground- 
water along  the  strike  of  the  strata  for  so  great  a  distance  is  in  the  highest 
degree  improbable.  We  must;  therefore,  conclude  that  the  rainwater  falling 
on  Long  Island  is  the  only  possible  source  of  the  fresh  water  contained  in  its 
strata.  ....]... 

Water  Horizons  in  the  Cretaceous  Formation  of  Long  Island. — In  New 
Jersey,  where  the  Cretaceous  strata  outcrop  wholly  on  the  land,  some  of  the 
sand  and  gravel  layers  are  very  important  water  horizons — in  fact,  a  principal 
source  of  the  artesian  supplies.  But  on  Long  Island  these  coarse  strata 
appear  to  be  less  persistent,  and  they  outcrop  mainly  below  sea-level.  They 
thus  lack  an  appreciable  hydrostatic  head,  and  if  they  were  heavily  drawn 
upon  the  water  might  become  brackish.  In  only  three  of  the  Long  Island 
wells  of  which  we  have  authentic  records  is  a  satisfactory  supply  of  water 
obtained  from  the  Cretaceous  beds. 

One  of  these  is  Test  Well  No.  25  of  the  Brooklyn  Water  Supply,  and  the  other  two  are  on 
Barren  Island,  in  Jamaica  Bay.  The  latter  are  flowing  wells,  yielding  fifty  gallons  each  per 
minute  (equivalent  to  only  72,000  gallons  per  24  hours)  ofexcellent  water  from  a  stratum  30  feet 
thick  of  yellowish  white  coarse  sand  and  fine  gravel,  with -clay  above  and  below.  This  is 
supposed  to  belong  to  the  top  of  the  plastic  clay  (Raritan),  though  possibly  to  the  base  of  the  clay 
marls  (Matawan);  and  in  the  report  of  the  State  Geologist  of  New  Jersey  for  1896  it  is  stated  that 
the  water  horizon  opened  by  this  well  can  probably  be  relied  upon  to  supply  fresh  water  to  many 
of  the  beaches  to  the  eastward  along  the  southern  coast  of  Long  Island.  It  is  also  stated  that 
the  coarse  white  sand  and  gravel  found  in  the  Woodhaven  well,  between  456  and  515  feet  is  prob- 
ably the  same  bed  as  the  water  horizon  at  Barren  Island  (690-740  feet),  and  that  it  could  probably 
be  made  to  yield  water  at  Woodhaven.  The  artesian  well  on  Barnum  Island  (383  feet)  is  believed 
to  end  in  the  upper  part  of  the  clay  marls.     It  affords  but  little  water. 

In  spite  of  the  few  successful  wells,  there  appears  to  be  but  little 
encouragement  to  extend  borings  or  wells  into  the  Cretaceous;  but  it  does 
appear  to  be  a  matter  of  importance  to  discover  by  systematic  borings  the 
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valleys  which  were  eroded  in  the  Cretaceous  and  subsequently  filled  by  the 
gray  sand  and  gravel  series  underlying  the  blue  clay. 

Water  Horizons  in  the  Tertiary  Formations  of  Long  Island, — Omitting  the 
Cretaceous,  the  formations  of  Long  Island  present,  in  a  general  view,  two 
principal  water  horizons:  the  gray  gravel  and  sand  below  the  blue  clay  and 
the  yellow  gravel  and  sand  above  it. 

The  blue  clay  and  the  gray  gravel  and  sand  normally  underlying  it,  but 
also  more  or  less  interstratified  with  it,  appear  to  be  -merely  the  coarser  and 
finer  parts  of  the  same  formation;  and  the  fact  that  the  gray  gravel  and  sand 
in  not  a  few  instances  are  not  water-bearing  is  doubtless  due  in  part  to 
their  lack  of  continuity  where  inclosed  in  the  clay  and  partly  to  the  clay 
which  they  contain.  Unlike  the  yellow  gravel,  the  water-bearing  quality  of 
the  gray  gravel  cannot  be  depended  upon,  but  must  be  determined  by  trial. 

Through  the  erosion  of  the  blue  clay,  material  was  provided  to  form 
the  limited  beds  of  clay  which  are  encountered  here  and  there  in  the  yellow 
gravel.  These  are  found  chiefly,  as  we  should  expect,  in  the  lower  part  of 
the  gravel  and  in  the  south  part  of  the  island,  as  shown  in  Borings  Nos.  22 
and  25  of  the  Brooklyn  Water  Works  (see  Fig.  17  B).  They  are  probably 
rather  rarely  of  particular  value  in  determining  the  flow  of  water,  since  they 
are  not  likely  to  outcrop  at  the  surface;  and  we  may  suppose  that  in  some 
cases  they  are  so  limited  in  area  that  water  descending  vertically  through  the 
gravel  might  flow  over  the  edge  of  the  intercepting  lenses  or  patches  of  clay 
and  so  descend  to  lower  levels. 

Comparison  of  the  Gray  Gravel  and  the  Yellow  Gravel,  and  their 
possible  Communication  through  the  Erosion  of  the  Blue  Clay. — It  is  not 
improbable  that  erosion  before  the  deposition  of  the  yellow  gravel  has 
cut  at  some  points  entirely  through  the  blue  clay,  so  that  the 
yellow  gravel  now  rests  directly  upon  the  lower  gravel  or  the  Cretaceous 
strata.  Such  breaks  in  the  blue  clay  would  almost  certainly  have  north- 
south  trends,  and  except  along  such  lines,  if  they  exist,  the  intake  or  catch- 
ment area  of  the  lower  or  dark  gray  gravel  is  necessarily  confined  to  the 
north  shore  and  must  be  conceded  to  be  rather  limited.  In  -ctfter  words, 
this  lower  gravel  is  a  reservoir  of  great  capacity  and  with  a  head  of,  say,  200 
feet,  which  is  now  full  of  water.  But  if  the  reservoir  were  drawn  upon 
heavily  the  intake  might  prove  insufficient  to  keep  it  full.  An  important 
consideration  in  this  connection  is  that  the  intake  or  outcrop  of  this  gravel 
crosses  all  of  the  harbors  between  Brooklyn  and  Eaton's  Neck,  while  east  of 
Eaton's  Neck  it  is  wholly  under  the  sea,  suggesting  the  possibility  that  if 
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subjected  to  large  drafts  it  might  in  time  yield  brackish  water;  at  least  at 
some  points.  The  intake  or  catchment  area  of  the  upper  gravel,  on  the 
contrary,  is  from  lo  to  15  miles  wide,  and  since  this  gravel  averages  at  least 
100  feet  in  depth,  its  store  of  water  would  seem  to  be  practically  inexhaust- 
ible, for  the  rainfall  promptly  sinks  into  the  gravel,  with  very  little  loss  by 
either  evaporation  or  surface  drainage.  Again,  the  normal  intake  of  the 
lower  gravel  being  on  the  north  side  of  the  island,  where  the  strata  are  so 
greatly  disturbed,  it  is  "by  no  means  certain  that  the  flow  would  be  wholly 
or  mainly  to  the  south. 

Limits  of  the  Catchment  Area  for  the  YeUow  GraveL — ^The  highly 
disturbed  condition  of  the  strata  on  the  north  side  of  the  island 
and  the  infrequency  of  satisfactory  outcrops  makes  the  construction 
of  an  accurate  or  detailed  section  impossible.  Another  very  uncertain 
factor  is  introduced  by  the  strong  erosion  of  both  the  Cretaceous  and  Ter- 
tiary clays  before  the  deposition  over  them  of  the  water-bearing  gravels. 
This  cause  of  irregularity  probably  extends  quite  across  the  island,  and  it  is 
for  the  determination  of  these  erosion  hollows  and  the  great  depths  of  gravel 
filling  them  that  systematic  borings  are  especially  needed. 

The  abruptness  of  the  north  shore  and  the  disturbed  condition  of  the 
strata,  which  often  dip  to  the  north,  make  it  impossible  to  attach  much 
importance  to  the  portion  of  either  gravel  horizon  north  of  the  moraine. 
The  yellow  gravel  is  naturally  the  most  disturbed,  but  it  also  has  a  large 
catchment  area,  which  is  almost  wholly  above  sea  level,  while  the  lower 
gravel,  although  quite  certainly  less  disturbed  and  dipping  quite  steadily 
to  the  south,  has  a  relatively  limited  catchment  area,  and  that  is  largely  sub- 
marine. The  water  in  the  lower  gravel,  having  no  natural  outlet,  must  be 
essentially  stagnant,  and  so  remain  until  tapped  by  deep  wells  along  the 
southern  shore.  This  fact,  together  with  the  abundance  of  wood  and  other 
carbonaceous  matter  and  of  marcasite  (iron  sulphide),  affords  an  explana- 
tion of  the  comparatively  stale  and  mineralized  character  of  this  water. 

The  Bethpage  and  West  Deer  Park  ridge  of  Tertiary  clay  greatly  nar- 
rows th§^  plain  of  yellow  gravel,  and  must  accentuate  its  basal  slope.  This 
clay,  which  appears  again  near  Lake  Ronkonkoma,  probably  attains  a  high 
level  near  the  southern  margin  of  the  moraine  from  Bethpage  eastward. 
Therefore,  little  reliance  should  be  placed  upon  the  yellow  gravel  north  of  this 
line  for  delivering  water  to  the  southward,  and  borings  are  urgently  needed  to 
test  the  thickness  of  the  yellow  gravel  and  the  depth  and  gradient  of  the  water 
level  in  it,  before  plans  for  the  development  of  the  Brookhaven  Watershed  are 
fully  matured. 
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The  following  lists  of  artesian  wells  in  Long  Island  are  not  exhaustive, 
embracing  only  those  of  most  particular  geological  interest.  The  wells 
designated  by  number  are  test  wells  of  the  Brooklyn  Water  Works.  In 
tabulating  the  borings  it  has  been  found  advantageous  to  generalize  the  data 
in  order  to  bring  out  more  clearly  the  main  geological  facts.  The  first  four 
borings  in  the  tabulated  list  (Jamaica,  Jericho,  Hollis  and  Port  Eaton)  repre- 
sent the  northern  edge  of  the  field,  while  all  the  others  are  near  the  southern 
margin  and  mostly  near  the  conduit  line  where  it  crosses  the  Hempstead 
Plains, 

Artesian  Wells  in  Lang  Island, 


Number  and  Locat'on. 


I 

u 


B 

2   . 
•a  o 


Q 


No.  II,  Jamaica 19.2 

Jericho ? 

No.  6.  Hollis  Sta.  (a) 58-6 

Port  Eaton 4 

I 
East  New  York 

Woodhaven  (^) 35.6 

61.8 

8.6 


No.  5,  Ridgewood 

No.  4,  xK  miles  S.  E.  from  ( 
No.  5 f 

Baisley's 6  7 


No.  X,  S.  of  Baisley  Pond. . . . 

No.  4,  Jameco'a) 

No.  a,  ^  mile  E.  from  No.  i(r) 
No.  3,  5^  mile  E  from  No.  3. . 
No.  8,  bet.  Nos.  3  and  7 


No.   7,  W.  of   Springfield 

Sta.f^) 

No.  9,    S.    of    SpringBeld 

Sta.  (<r)...^ 

No.   12,   W.  of    Rosedale  1 

Sta.f/-). f 

No.  10,  N .  E.  of  Springfield  ) 

Su f 

Barren  Island ]    "j^^ 

Bamum's  Island  (^) |     3(?'i 

Fenhurst , 


5-5 
«'7 
7-4 
9.8 

10 

16 

10.3 

18 

97 


No.   22,    East    of    Valley) 
Stream  1  A) i 

No.  23,  near  Merrick  Sta.  (/} . 

No.  24,  near  No.  23  (^') 

No.  25.  at  Watts  Pond  Sta.  {k) 


17-4 
z6.7 
16 
8.2 


Lafay- 

Chesa- 

ette. 

peake. 

• 

n 

CI 

s 

Yellow 
Gravel. 

■ 

1 
s 

Gray 
Gravel. 

95 

95 

8 

«  •  ■ 

«47 

S« 

T2 

•  ■  ■ 

302 

•  %  • 

•  ■ 

104 

265 

•  ■  • 

•  •  • 

•  •  • 

»49 

•  •  • 

•  ■  • 

■  ■  • 

913 

145 

59 

139 

193 

87 

4 

■  •  • 

1x7.4 

13 

9 

•  •  ■ 

106 

50 

44 

•  •  • 

88 

53 

14 

■  •  • 

79 

58 

»3 

•  •  ■ 

84 

69 

T04 

•  •  • 

87 

"5 

75 

•  •  • 

72 

X39 

84 

•  •  • 

6S 

III 

•  •  • 

•43 

no 

29 

x6 

195 

130 

•  •  • 

•  •  ■ 

976 

89 

5 

118 

145 

a6o 

•  •  • 

%  •  • 

480 

70 

56 

4a 

215 

54 

46 

57 

■  •  • 

8a 

87 

•  •  • 

20X 

78 

107 

•  ■  • 

acs 

78 

122 

•  •  • 

*  •  • 

95 

89 

•  •  • 

147 

V 


o 
H 


198 

9 10 
406 
965 

«49 
577 
984 

i39'4 
900 

155 

X50 

957 
977 
995 

419 
271 
406 

357 
740 

383 
»57 
370 
390 

203 

331 


B 
O 


•a* 


It 


Very  many. 


Satisfactory 


Many 

u 


Pump,  1. 350 
Many 


Many 


50 


Many 


Remarks. 


Water  in  gravels. 

(Drift,  51  ft.     Yellow  gravel, 
\     96  ft. 

No  water  below  yellow  gravel. 

{Salt  water  to  905  ft. ;    fresh 
water  at  263  ft. 
j  Ended    in   sandy   clay  with 
j|     lignite. 

Ended  in  gneiss ;  little  water. 


Water  in  gravels. 


(i 


No  water  below  yellow  gravel 


*< 


(( 


(Two  wells,  50  gallons  each 
(     per  minute. 

No  water. 

Four  wells  :  flow  largely. 

No  water  below  yellow  gravel. 


Sands  are  water-bearing. 
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a.  The  Cretaceous  in  this  well  consists,  downward  of  gray  clay,  with  wood,  19  ft. ;  fine  sand, 
with  wood,  36  ft.;  fine  sand  and  clay,  with  wood,  11  ft.;  fine  sana,  with  wood,  38  ft. — 104  it. 

b.  The  blue  clay  is  described  as  sandy  clays  ;  the  gray  gravel  is  really  a  fine  gray  quicksand  ; 
the  Cretaceous  consists  of  alternating  beds  of  sand  and  clay  with  some  lignite,  in  beds  from  5  to 
50  feet  thick,  representing  both  Matawan  and  Raritan  ;  the  well  penetrated  21  it.  into  the  gneiss. 

c.  The  104  feet  of  dark  sand  and  gravel  is  probably  in  part  Cretaceous. 
-d.  The  gray  gravel  is  probably  included  with  the  Cretaceous. 

e.  The  yellow  gravel  is  all  sand  ;  the  blue  clay  is  described  as  gray  clay  with  wood  and 
pyrite  ;  the  gray  gravel  as  gray  sand  with  wood  ;  and  the  Cretaceous  as  clay  and  sand  with  wood. 

f.  The  blue  clay  and  gray  gravel  may  be  included  in  the  276  feet  of  alternating  sand  and 
clay,  with  wood. 

g.  Two  driven  wells  near  Bamum^s  Island,  97  and  194  feet  deep,  failed  to  find  the  bed  of 
blue  clay,  which  is  56  feet  thick  in  the  artesian  well.  This  indicates  local  erosion  of  the  blue 
clay  during  the  deposition  of  the  yellow  gravel.  The  Cretaceous  of  this  well  is  believed  to  be  the 
Matawan  or  Clay  marls.  It  contains  much  fossil  wood  in  the  form  of  lignite.  The  480  feet  of 
Cretaceous  strata  in  the  Barren  Island  wells  represent,  according  to  Woolman,  both  the  Matawan 
and  the  Raritan.  / 

h.  Clay  in  the  yellow  gravel  from  56  to  67  feet ;  the  blue  clay  consists  of  sand  and  clay,  with 
wood  ;  the  gray  gravel  is  not  distinctlv  developed ;  the  Cretaceous  consists  of  numerous  alternations 
of  clay,  sand  and  gravel,  with  wood  and  pyrite.  No  water  below  the  yellow  gravel  except  a 
little  between  329.6  and  338.6  feet. 

I.  Clay  in  the  yellow  gravel  from  52  to  74  feet ;  the  blue  clay  and  Cretaceous  are  essentially 
the  same  as  in  No.  22. 

/.  Clay  in  the  yellow  gravel  from  68  to  78  feet. 

k.  Clay  in  the  yellow  gravel  from  53.8  to  61.8  feet  ;  the  blue  clay  consists  of  sand  and  gravel, 
35  ft.  and  clay  54  ft. ;  and  3ie  Cretaceous  consists  of  alternating  clay,  sand  and  gravel,  with  wood. 

In  Studying  these  borings,  the  erosion  of  the  blue  day  before  and  during 
the  deposition  of  the  yellow  gravel  over  it  demands  particular  attention.  A 
valley  in  the  blue  clay  is  thus  clearly  shown  by  borings  Nos.  9  and  12;  while 
in  the  Hollis  well  (No.  6)  and  the  Barren  Island  wells  erosion  has  cut  entirely 
through  the  blue  clay  and  the  underlying  gravel,  so  that  the  yellow  gravel 
rests  directly  upon  the  Cretaceous  beds. 

In  this  connection  the  gray  gravel  and  sand  normally  underlying  the 
blue  clay  are  to  be  counted  as  a  part  of  it,  and  in  some  cases,  perhaps,  where 
the  clay  is  wanting,  as  its  full  equivalent. 

Additional  Wells  on  Long  Island. 

BulUtin  138,  U,  S.  GeoL  Survey, 

Clear  Creek — 300  feet — Cretaceous. 

Cold  Spring  Harbor — 12^  feet — Probably  gray  g[ravel.     Flows  18  gals,  per  minute. 

Deer  Park — 136  feet — Water  rises  to  12  feet  below  the  surface. 

Farmingdale — ill  feet — ^Water  rises  to  104  feet.     Probably  from  the  gray  gravel.^  Yields  35 

gals,  per  minute. 
Farmingdale — i  mile  from  last — 142  feet,  35  gals. 
Far  Rockaway — 210  feet — 40  gals.     Probably  from  the  gray  gravel. 
Freeport — 285  feet — No  water — ^Cretaceous. 

Glen  Head— 398  feet— 65  j^als. — Cretaceous?    Rises  to  80  feet  below  surface. 
Hempstead,  near  ocean — ^300  feet — Poor  water — Cretaceous  (?)    Good  water  at  123  feet. 
Hempstead,  reservoir— 360  feet — Flows  10  gals.     Cretaceous  (?). 
Mill  Landing — 200  and  23$  feet — Flow — Gray  gravel  (?;. 

Lawrence — 205  feet — ^35  gals. — Gray  gravel  (?).     Water  from  40  feet  in  yellow  gravel. 
Little  Neck — 175  feet — Fair  supply. 

Long  Island  City  Gas  Co. — 100  feet — 75  gals.    Yellow  gravel  (?). 
Lynbrook — 180  feet — No  water  below  40  teet. 
Oyster  Bay — 125  to  190  feet — Flow  1 8  to  20  gals.    Gray  gravel  (?). 
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Port  Jefferson — 120  feet— 10  gal9.~Water  rises  to  114  feet. 

Roslyn — ^210  feet — loo  gals. — Water  also  at  74  feet. 

Near  Roslyn — 360  feet— 40  gals. — Cretaceous  (?). 

Whetley  Hill — ^310  feet — None,  owing  to  quicksand — Cretaceous  (?). 

Willets  Point — 400  feet — None— Cretaceous  (?). 

The  data  are  obviously  insufficient  to  define  satisfactorily  all  the  erosion 
troughs  or  valleys  in  either  the  Tertiary  or  Cretaceous  clays;  and  the  need 
of  a  systematic  exploration  of  the  coastal  plain  by  wash-drill  borings  is 
apparent. 

The  deep  well  at  Port  Eaton  on  the  north  shore  is  of  special  interest 
The  water  level  is  at  the  surface,  which  is  only  four  feet  above  sea-level.  The 
well  is  265  feet  deep  and  wholly  in  the  yellow  gravel  and  sand.  Salt  water 
was  obtained  at  intervals  to  205  feet,  and  fresh  water  was  first  found  at  263 
feet. 

This  is  a  most  striking  instance  of  the  disturbance  and  displacement  of 
the  strata  by  the  ice-sheet.  The  ice  is  estimated  to  have  been  anywhere  from 
a  thousand  feet  to  a  mile  in  thickness,  and  no  doubt  its  dead  (vertical)  weight 
as  well  as  its  thrust  was  an  important  factor  in  squeezing  out  the  blue  clay 
and  depressing  the  yellow  gravel  and  sand.  The  dip  of  the  beds  must  be 
to  the  north  here,  and  the  great  depth  at  which  the  first  fresh  water  was 
found  would  seem  to  show  that  the  movement  of  the  ground  water  is  north- 
ward for  a  considerable  distance  back  from  the  shore.  This  well,  therefore, 
strengthens  the  general  conclusion  that  the  northern  watershed  cannot  be 
depended  upon  to  furnish  water  to  the  yellow  gravel  south  of  the  moraine. 

Continuity  of  the  Water  Bearing  Yellow  Gravel  Beneath  the  Moraine. 

That  the  yellow  gravel  is  continuous  under  or  underlies  the  moraine 
there  can  be,  as  stated,  no  reasonable  doubt;  and  it  is  probably  the  chief 
source  of  the  water  afforded  by  wells  located  on  the  moraine,  as  in  Brooklyn 
and  Long  Island  City,  where  the  records  show  that  the  wells  pass  through 
from  50  to  150  feet  or  more  of  bowlder  clay  to  a  coarse,  clean  gravel  yielding 
good  and  copious  supplies  of  water. 

The  details  of  a  few  of  these  wells  are  quoted  from  the  New  Jersey  Reports  for  1897  and 
1898: 

Five  wells  in  the  Twenty-sixth  Ward  of  Brooklyn  gave :  Loam  and  fine  sand,  10  feet  ; 
water-bearing  gravel,  2<  feet ;  clay,  i  foot ;  sand  and  gravel,  35  to  65  feet ;  and  then  clay  (prob- 
ablv  the  blue  clay).  The  collective  yield  of  these  wells  is  2,000,000  gallons  in  24  hours.  The 
yellow  gravel  is,  evidently,  the  surface  formation  here.  The  well  at  Malcolm^s  Brewery,  in 
Brooklyn,  62  feet  deep,  presents  similar  conditions. 

Four  wells  in  Long  Island  City,  100  to  135  feet  deep,  passed  through  bowlder  clay  to  a 
coarse  gravel,  which  yields  from  75  to  125  gallons  of  good  water  per  minute.  This  is  probably 
the  yellow  gravel  beneath  the  moraine. 
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In  the  following  wells  the  yellow  gravel  is  wanting,  having,  apparently,  been  scraped  away 
by  the  ice-sheet : 

Artesian  Well  in  Calvary  Cemetery f  Brooklyn. 

Drift  pontine) 139  feet. 

Greenish  Earth  (Glauconitic  ?),  Cretaceous 39    •« 

White  Clay 4    " 

Gneiss 400    «* 

582  feet. 
Yields  70  gals,  per  minute. 

Artesian  Well  of  the  Nassau  Gas  Light  Company ^  Williamsburg, 

Drift  (Moraine). . . .' 75      feet. 

Blue  Clay,  with  pebbles 27 

Oyster-shells,  underlain  by  water-bearing  quicksand 0.5 


cc 

(C 


102.5  feet. 
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Outline  of  the  Geology  of  Staten  Island  in  Relation  to  the 

Public  Water  Supply.* 

by  w.  o.  crosby. 

*  The  geology  is  compiled  chiefly  from  papers  by  N.  L.  Britton  and  Arthur  Hollick  in  the 
Annals  and  Transactions  of  the  New  York  Academy  of  Sciences  ;  and  the  artesian  well  data  from 
these  and  the  reports  by  Woolman  in  the  Annual  Reports  of  the  Geological  Survey  of  New 
Jersey. 

INTRODUCTION. 

The  main  purpose  of  this  study  is  to  determine  what  light  the  geological 
structure  of  Staten  Island,  so  far  as  it  is  known,  throws  upon  the  problem  as 
to  the  abundance  and  quality  of  the  ground  water  and  its  availability  for  the 
supply  of  the  present  and  prospective  population  of  the  island.  The  general 
result  is  decidedly  negative  and  unfavorable;  for  the  investigation  inevitably 
leads  to  the  conclusion,  for  the  island  as  a  whole  and  for  the  individual  forma- 
tions of  which  it  is  composed,  that  the  available  ground  water  is  utterly 
inadequate  to  meet  the  proposed  demands. 

The  great  mass  of  serpentine  rock  forming  the  elevated  central  portion 
of  the  island  is  one  of  the  tightest  and  driest  formations  known;  and  its  struc- 
ture is  wholly  unfavorable  to  the  collection  into  definite  channels  of  such 
water  as  does  penetrate  it. 

The  red  sandstone  and  shale  of  the  Triassic  formation,  which  underlies 
the  lowland  northwest  of  the  serpentine  hills,  are  in  part  of  decidedly  imper- 
vious character;  they  outcrop  on  the  island  largely  below  sea  level;  the 
steep  dip  of  the  strata  would  require  very  deep  wells  to  intercept  the  water 
of  even  the  limited  catchment  area  which  the  island  affords,  and  the  dip  being 
wholly  to  the  northwest  makes  it  impossible  to  suppose  that  they  could 
derive  water  at  any  depth  from  the  mainland,  especially  as  it  would  have  to 
pass  through  the  thick  and  continuous  sheet  of  trap  rock  which,  farther 
north,  forms  Bergen  Hill  and  the  Palisades. 

Borings  in  the  vicinity  of  Woodbridge  and  Perth  Amboy,  New  Jersey, 
show  that  both  the  trap  sheet  and  the  ridge  of  crystalline  rocks  represented 
by  the  serpentine  hills  are  continued  to  the  southwest  at  very  moderate  depths 
below  the  surface,  and  thus  the  Cretaceous  strata  underlying  the  entire  low- 
land south  of  the  serpentine  ridge,  and  which  farther  south,  in  New  Jersey, 
embraces  several  good  water  horizons,  are  hopelessly  cut  off  from  any  catch- 
ment area  on  the  mainland,  or  even  on  the  northern  part  of  the  island;  while 
the  fact  that  all  the  wells  penetrating  the  Cretaceous  strata  are  absolute  or 
practical  failures  indicates  that  the  water-bearing  strata  outcrop  on  the  island 
only  to  a  very  limited  extent,  if  at  all. 
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The  gray  gravel  and  blue  clay  formation  of  Long  Island  appears  to  be 
wholly  wanting  on  Staten  Island,  and  the  yellow  gravel,  which  over  the  main 
part  of  Long  Island  is  such  an  important  reservoir  of  the  ground  water,  has 
only  a  very  limited  development  on  Staten  Island,  being  practically  confined 
to  the  Cretaceous  lowland  south  of  the  serpentine  hills,  where  it  is  the  chief 
source  of  the  water  of  such  wells  as  are  not  entire  failures. 

Finally,  almost  the  entire  area  of  Staten  Island  is  covered  by  bowlder 
clay  or  drift  of  an  exceptionally  impervious  character,  as  proved  by  the  almost 
innumerable  ponds,  more  or  less  effectually  sealing  the  catchment  areas  of 
strata  that  might  otherwise  be  water-bearing.  Over  the  Cretaceous  strata 
and  yellow  gravel  of  the  southern  lowland,  extending  from  northeast  to 
southwest  for  the  entire  length  of  the  island,  is  the  special  development  of  the 
bowlder  clay  in  irregular  ridges  and  hills,  which  are  known  collectively  as 
the  terminal  moraine  of  the  great  ice  sheet,  and  in  which  the  bowlder  clay  is 
commonly  from  50  to  200  feet  thick. 

Thus,  to  summarize,  the  geological  conditions  affecting  the  storage  and 
flow  of  the  ground  water  are  about  as  unfavorable  as  they  could  be,  for  the 
formations  are  only  to  a  limited  extent  such  as  might  be  water-bearing  under 
the  most  favorable  conditions;  these  possible  water  horizons  have  only 
limited  catchment  areas,  wholly  confined  to  the  island,  and  these  are  almost 
completely  covered  or  plastered  over  by  the  impervious  bowlder  clay. 

General  Geology. 

The  dominant  topographic  feature  of  Staten  Island  is  the  broad  area 
of  elevated,  hilly  land,  with  many  summits  and  crests  from  200  to  nearly  400 
feet  above  the  sea,  which  extends  from  New  Brighton  southwest  six  miles 
to  Richmond.  This  highland,  which  appears  to  be  composed  wholly  of  ser- 
pentine rock,  separates  the  northwestern  lowland,  which  is  crossed  in  a 
northeast-southwest  direction  by  a  low  ridge  marking  the  outcrop  of  the 
Triassic  trap-sheet  from  the  southern  lowland  which,  extending  the  entire 
length  of  the  island,  is  underlain  by  the  Cretaceous  strata  and  yellow  gravel 
and  specially  diversified  by  the  terminal  moraine — ^a  complex  belt  of  drift 
hills  and  ridges  from  50  to  750  feet  high.  Between  Garretsons  and  New 
Dorp  the  moraine  rests  upon  the  serpentine  hills,  as  shown  in  the  section, 
and  there  is  but  one  belt  of  hills. 

The  Serpentine  Rock — The  serpentine  of  the  northern  hills  covers  an 
area  of  13.5  square  miles.  It  is  essentially  a  massive,  impervious  formation 
of  indefinite  thickness,  and  for  the  most  part  rather  thinly  covered  with  drift 
(bowlder  clay).    The  serpentine  is  supposed  to  be  a  highly  altered  form  of 


GEOLOGICAL  MAP  of  STATEN  ISLAND,(mod<flad  from  Britton)Fig.  112 


Geology,  Staten  Island  Water  Sources.  575 

some  basic  igneous  rock,  forming  a  great  stock  or  boss  in  granitic  and 
schistose  rocks,  such  as  now  occur  on  Manhattan  Island,  but  the  latter  are 
not  now  exposed  on  Staten  Island,  being  covered  at  all  points  by  the  newer 
formations.  The  eastern  and  southern  boundary  of  the  serpentine  area,  for 
practically  its  entire  length,  is  marked  by  an  almost  continuous  line  of  very 
steep  slopes,  which  testify  to  the  resistant  nature  of  this  rock. 

The  Triassic  Formation, — ^AU  that  part  of  Staten  Island  northwest  of  the 
serpentine  area,  embracing  14.5  square  miles,  is  occupied  by  the  Triassic 
formation,  which  consists  chiefly  of  red  sandstones  and  shales  dipping  at  low 
angles  (10^-30°)  to  the  northwest.  These  sedimentary  rocks  are  divided, 
however,  by  the  southern  extension  of  the  great  Bergen  Hill  trap  sheet,  the 
outcrop  of  which  forms  a  low  ridge  from  one-fourth  mile  to  one-half  mile 
in  width,  extending  from  Port  Richmond  to  Linoleumville. 

The  Cretaceous  Formation. — The  entire  area  of  the  island  south  and  east 
of  the  serpentine,  amounting  to  28.5  square  miles,  is,  so  far  as  known,  under- 
lain by  the  Cretaceous  strata,  which,  as  on  Long  Island,  have  a  nearly  hori- 
zontal dip  to  the  southeast,  or  away  from  the  great  escarpment  against 
which  they  were  deposited.  They  consist  of  variously  colored  clays  and 
sands  in  many  alternations,  and  they  are  a  direct  continuation  of  the  Raritan 
or  Plastic  Clay  division  of  the  Cretaceous  series  of  New  Jersey,  lying  at  the 
base  of  the  formation,  and  below  the  principal  water-bearing  gravels  and 
sands;  although  it  is  not  impossible  that  the  Raritan  is  overlain  near  the 
southeastern  coast,  as  on  Long  Island,  by  a  partial  development  of  the  Mata- 
wan  or  clay  marls. 

The  Tertiary  Formation, — The  Tertiary  gray  gravel  and  blue  clay 
(Chesapeake)  of  the  Long  Island  series  is  wholly  wanting  on  Staten  Island; 
but  the  Cretaceous  formation  is  immediately  overlain  by  the  yellow  gravel 
(Lafayette).  This  is  undoubtedly  the  best  water-bearing  formation  on  the 
island.  Its  thickness,  however,  is  very  irregular,  and  its  surface  exposure  or 
outcrop  is  very  limited,  because  it  is  covered  almost  everywhere  by  the  ter- 
minal moraine,  or  over- wash  modified  drift  from  the  moraine.  The  yellow 
gravel  undoubtedly  once  covered  the  entire  area  of  the  island ;  but  it  is  now 
practically  confined  to  the  southeastern  lowlands,  although  traces  of  it  still 
remain  on  the  highest  serpentine  hills. 

The  Terminal  Moraine. — ^The  extreme  southern  margin  of  the  moraine 
is  indicated  by  the  dotted  line  on  the  Map  No.  112.  Borings  have  shown 
thicknesses  of  bowlder  clay  in  the  moraine  of  50,  80  and  200  feet.  Northwest 
of  the  moraine  all  the  upland  is  covered  by  bowlder  clay,  which  is  prevailingly 
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of  a  decidedly  clayey  and  impervious  character,  thus  making  possible  the 
numerous  ponds. 

Extensive  deposits  of  light  colored  sand  occur  along  the  edges  of  the 
salt  meadows  on  the  western  side  of  the  island,  representing  sand  dune 
formation  before  the  development  of  the  marshes. 

Relations  of  the  Ground  Water  to  the  Geological  Structure. 

The  Water  Horizons  of  Staten  Island. 

It  appears  from  the  foregoing  that  all  the  formations  of  Staten  Island, 
except  the  yellow  gravel,  are  naturally  of  little  value  as  sources  of  ground 
water;  but  even  if  the  case  were  different,  the  covering  of  bowlder  clay  would 
cause  the  precipitation  to  run  off  mainly  in  surface  streams  and  thus  greatly 
reduce  the  intake  of  the  underlying  formations.  The  yellow  gravel  itself 
has,  on  account  of  the  drift,  only  a  limited  catchment  area,  although  this  is 
greater  than  the  map  shows,  as  the  modified  drift  over  the  yellow  gravel 
would  not  prevent  the  surface  water  from  descending  into  the  latter,  but 
would  rather  add  to.  its  storage  capacity.  Unfortunately,  too,  the  catch- 
ment areas  of  the  yellow  gravel  are  mainly  near  the  southeastern  margin  of 
the  island,  which  would  still  farther  limit  the  probability  of  water  in  the  part 
of  the  yellow  gravel  under  the  moraine. 

Staten  Island  may  be  compared  geologically  only  with  the  northwestern 
end  of  Long  Island,  in  the  vicinity  of  Brooklyn,  where  the  moraine  has  its 
strongest  development  and  most  clayey  character,  with  only  a  very  narrow 
and  imperfect  representation  south  of  the  moraine  of  the  broad  plain  of 
water-bearing  strata  which  is,  after  the  moraine,  the  most  striking  topo- 
graphic and  geological  feature  of  Long  Island. 

In  the  following  paragraphs  the  formations  are  reviewed  with  reference 
to  their  water-bearing  value : 

Water  in  the  Serpentine  Rock, — The  serpentine,  although  forming  the 
most  elevated  and  rugged  part  of  the  topography,  is  the  most  impervious 
and  generally  unreliable  water-bearing  rock  on  the  island.  We  have  a 
record,  however,  of  one  boring  upon  the  serpentine  hills  which  passed 
through  50  feet  of  glacial  drift  and  150  feet  into  the  serpentine  and  is  said 
to  yield  "  sufficient  "  water.  A  well  at  Bischoff's  Brewery,  on  the  eastern 
margin  of  the  serpentine,  passed  through  80  feet  of  glacial  drift  and  130  feet 
into  the  serpentine;  but  the  yield  is  not  reported.  The  impervious  character 
of  the  serpentine  would  lead  us,  if  it  were  covered  by  modified  drift  or  gravel, 
to  expect  a  good,  though  shallow,  water  horizon  at  the  base  of  the  gravel, 
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but  it  is  covered  almost  everywhere  by  rather  exceptionally  stiff  and  imper* 
vious  bowlder  clay,  and  only  a  small  fraction  of  the  precipitation  can  sink 
into  the  ground. 

Water  in  the  Triassic  Strata. — We  pass  now  to  the  Triassic  formation, 
covering  the  northwest  portion  of  Staten  Island,  or  all  that  part  of  the  island 
directly  west  of  the  serpentine.  It  may  be  noted,  first,  that  although  the 
sandstone  and  shales  of  this  formation  are  reported  to  supply  an  abundance: 
of  good  water  to  certain  artesian  wells  on  the  mainland,  as  at  Woodbridge,, 
Bonhampton,  Rah  way,  Elizabeth  and  Newark,  many  wells  in  these  strata: 
have  also  proved  more  or  less  complete  failures ;  and  it  does  not  appear  that 
any  definite  and  reHable  water  horizons  have  been  discovered  in  the  Triassic. 
In  fact,  none  such  are  possible  which  would  be  available  over  any  consider- 
able area;  for  the  rather  high  dip  of  the  strata,  commonly  lo  to  20  degrees 
to  the  northwest,  would  in  a  short  distance  carry  a  water-bearing  stratum 
beyond  the  reach  of  wells  drilled  for  economic  purposes.  Since  the  dip  is 
always  to  the  northwest,  and  therefore  directly  azuay  from  the  highlands  of 
Staten  Island,  it  is  impossible  that  wells  sunk  in  this  formation  on  the  island 
could  benefit  by  any  catchment  area  on  the  mainland.  Nearly  half  the 
Triassic  area  of  Staten  Island  is  covered  by  salt  marsh,  and  the  remainder 
is  divided  midway  by  the  great  trap  sheet,  hundreds  of  feet  in  thickness. 
No  water  can  be  expected  from  the  trap,  and  since  its  outcrop  is  a  ridge,  it 
prevents  the  precipitation  on  the  higher  parts  of  the  island  from  flowing  over 
the  sandstone  west  of  the  trap.  The  best  chance  for  artesian  wells  in  this 
formation  would  seem,  therefore,  to  be  in  the  belt  of  sandstone  and  shale, 
half  a  mile  to  a  mile  wide,  between  the  serpentine  and  trap,  which  is  in  a 
position  to  benefit  through  surface  flow,  by  the  precipitation  on  a  part  of  the 
serpentine  area,  the  best  location  for  wells  being,  obviously,  near  the  south- 
eastern margin  of  the  trap.  Unfortunately,  no  data  are  at  hand  of  wells 
along  this  line.  A  well  at  Castleton  Corners,  on  the  thin  edge  of  the  Triassic 
formations  where  it  overlies  the  serpentine,  passed  through: 

Earth   33  feet.  '• 

Hardpan  and  shale  rock 53     '' 

Soapstone  (serpentine) 64     " 


150 


It 


The  water  rises  to  63  feet  from  the  surface  and  yields  8  gallons  per  min- 
ute by  pumping  (or  only  1 1,520  gallons  per  24  hours).    This  seems  to  prove 

38 
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that  the  flow  from  the  serpentine  area  toward  the  Triassic  is  unimportant.  A 
well  in  Bayonne,  north  of  Staten  Island,  and  southeast  of  the  trap  sheet,  was 
sunk  600  feet  into  the  Triassic  red  shales  and  obtained  only  a  very  small 
supply  of  water,  a  result  which  might  have  been  anticipated,  since  the  catch- 
ment area  is  here  mainly  below  sea  level. 

Water  in  the  Cretaceous  Strata. — Although  the  Cretaceous  strata  of 
Staten  Island  are  probably  limited  to  the  Raritan  or  Plastic  Clays,  this  is  a 
formation  which  on  the  mainland  embraces  several  good  water  horizons — 
persistent  beds  of  sand  and  gravel  which  outcrop  in  the  latitude  of  Staten 
Island  and  are  tapped  by  artesian  wells  at  increasing  depths  to  the  south- 
eastward. The  records  of  artesian  wells  compiled  by  Woolman  and  pub- 
lished in  the  reports  of  the  Geological  Survey  of  New  Jersey,  show,  however, 
that  the  Raritan  is,  as  we  should  expect,  a  more  reliable  water  horizon  to  the 
southeast,  where  covered  by  later  formations,  than  on  or  near  its  outcrop. 
There  is  no  chance  for  it  to  receive  water  from  the  underlying  Triassic  sand- 
stone, because  that  dips  in  the  opposite  direction — to  the  northwest.  On 
Staten  Island  the  Cretaceous  (Raritan)  strata  lie,  on  the  northwest,  against 
the  steep  wall  of  serpentine;  and  farther  west  it  is  specially  cut  oflF  from  the 
mainland,  not  only  by  Arthur  Kill,  but  by  the  Triassic  trap  sheet,  which 
passes  beneath  the  surface  at  Linoleumville,  and  is  proved  by  borings  to 
underlie  Woodbridge,  in  New  Jersey,  at  a  depth  of  only  56  feet,  and  prob- 
ably extends  still  farther  to  the  southwest.  It  can  not  receive  water  from 
the  mainland  to  the  southwest,  along  the  strike  of  the  beds,  because  the 
movement  of  the  water  will  naturally  be  in  the  direction  of  the  dip  of  the 
strata.  Again,  the  Cretaceous  of  Staten  Island  is  nearly  all  covered  by  the 
moraine,  which,  as  previously  noted,  is  mainly  of  a  decidedly  clayey  char- 
acter; and,  as  on  Long  Island,  the  formation  has  been  so  extensively  dis- 
turbed and  displaced  by  glacial  thrust  and  abrasion  that  it  is  in  the  highest 
degree  probable  that  the  outcrops  or  intake  areas  of  some  of  the  water- 
bearing strata  have  been  more  or  less  completely  covered  and  closed  by  the 
spreading  over  them  of  the  inclosing  clays.  Furthermore,  the  Cretaceous 
beds  of  Staten  Island  must  lie  almost  wholly  below  sea  level,  being  deeply 
covered  by  the  moraine  and  yellow  gravel;  and  such  water  as  penetrates  it 
will,  in  the  main,  lack  the  hydrostatic  head  essential  to  an  artesian  flow.  It 
is  not  surprising,  therefore,  in  view  of  all  these  considerations,  to  find  that 
as  a  source  of  water  the  Cretaceous  of  Staten  Island  is  far  inferior  to  that 
of  the  mainland  south  of  Raritan  Bay. 

A  well  east  of  the  serpentine,  at  the  eastern  end  of  the  island,  passed 
through  200  feet  of  drift  (moraine)  and  400  feet  into  the  Cretaceous  clavs 
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without  finding  a  satisfactory  supply  of  water.  A  boring  at  Kreischerville, 
in  the  western  end  of  the  island,  passed  through  the  drift  and  into  the  Cre- 
taceous to  a  depth  of  196  feet,  without  finding  water;  and  another  well  in 
the  same  vicinity,  with  a  like  result  as  to  water,  gave  the  following  record: 

Sand  and  Soil 30  feet. 

Blue  Clay  (Tertiary  ?) 90 

White  Sand 2 

Sand  and  Clay  alternating  (Cretaceous) 78 


ft 


(t 


it 


200 


a 


A  recent  well  in  the  vicinity  of  Hugenot  is  reported  to  have  penetrated 
the  Cretaceous  upward  of  feet  without  finding  water. 

The  well  of  the  S.  S.  White  Dental  Co.,  at  Prince's  Bay,  147  feet  deep, 
and  undoubtedly  ending  in  the  Cretaceous,  is  a  dry  hole;  and  another  well 
in  this  vicinity,  150  feet  deep,  has  also  failed  to  find  a  satisfactory  supply  of 
water  in  the  Cretaceous  beds. 

The  meagre  evidence  is  thus  uniformly  negative,  and  offers  no  encour- 
agement for  the  further  prospecting  of  the  Cretaceous  of  Staten  Island  for 
water. 

In  this  connection  we  may  advantageously  cite  the  records*  of  two 
artesian  wells  at  Perth  Amboy,  New  Jersey,  as  follows: 

Water-works  eneine  house  just  north  of  Eagleswood,  and  28  feet  above  tide  level.  Black 
clay,  55  feet ;  red  and  white  clay  and  an  inch  of  sand,  6  feet ;  red  shale  and  sandstone  (Triassic), 
9  feet  to  granitic  rock  at  70  feet.  This  was  rather  soft  and  crumbling  at  first,  but  became  very 
hard  ar  85  feet  and  so  continued  to  470  feet,  and  no  water. 

Terminus  of  the  Easton  and  Amboy  Railroad,  26  feet  above  tide  level.  Drift,  etc.,  25  feet ; 
black  clays  and  sands,  26  feet ;  light-colored  clay,  25  feet ;  fine  white  sand,  1 1  feet ;  light-colored 
clays,  30  feet ;  red  sandstone  and  shale  (Triassic),  17  feet.     No  water  below  the  surface  gravel. 

Roth  of  these  wells  are  in  the  base  of  the  Raritan  (Cretaceous)  clays, 
and  they  add  two  more  to  the  artesian  failures  under  exactly  the  same  geo- 
logical conditions  as  obtain  on  the  southwestern  end  of  Staten  Island. 
They  are  of  special  interest,  however,  as  proving  conclusively  that  the  ridge 
of  old  crystalline  rocks  represented  by  the  serpentine  of  Staten  Island  con- 
tinues in  the  same  direct  line,  at  a  moderate  depth,  under  Arthur  Kill  into 
New  Jersey.  From  the  crest  of  this  buried  ridge  the  Raritan  clays  dip 
gently  to  the  southeast  and  the  Triassic  sandstones  and  shales  more  steeply 
to  the  northwest.  Wells  in  the  Cretaceous  area  of  Staten  Island  cannot, 
therefore,  intercept  water  from  the  mainland  below  the  level  of  this  ridge. 

*  Report  of  the  Geological  Survey  of  New  Jersey  for  1885. 
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And  considering  the  narrowness  of  the  Cretaceous  area  on  Staten  Island, 
and  the  slight  dip  of  the  strata  (25  to  possibly  50  feet  per  mile),  and  the 
impervious  character  of  the  clays  separating  the  water-bearing  sands,  which 
must  effectually  prevent  vertical  movement  of  the  water,  the  futility  of  deep 
wells  in  this  area  is  obvious.    Below  300  feet  it  is  manifestly  a  hopeless  case. 

Water  in  the  Yellozv  Gravel. — It  is  probable  that  the  successful  wells  on 
the  Cretaceous  area  usually  pass  through  the  drift  and  derive  their  water 
chiefly  from  the  underlying  yellow  gravel. 

The  reports  of  the  New  Jersey  Geological  Survey  furnish  records  of 
such  wells  at  Tottenville,  37,  51  and  54  feet  in  depth;  between  Tottenville 
and  Kreischerville,  36  feet;  and  at  Pleasant  Plains,  28  to  56  feet;  while  a  well 
on  the  moraine  at  Annadale  200  feet  deep  ended  in  36  feet  of  yellow  gravel. 

It  appears,  therefore,  that  the  yellow  gravel  can  be  expected  to  yield  a 
limited  supply  of  water — sufficient,  here  and  there,  for  local  demands,  over 
the  most  of  the  Cretaceous  plain. 

The  Clove  Basin. 

The  basin  holding  Clove  and  Silver  Lakes  is  an  elevated  valley  in  the 
serpentine  hills.  It  is  closed  on  the  northeast  by  a  broad  and  very  perfect 
morainal  dam  to  which  Silver  Lake  owes  its  existence,  and  the  tightness  of 
which  could  be  safely  relied  upon  even  if  the  basin  were  flooded  to  the  crest 
of  the  barrier,  some  20  feet  above  Silver  Lake.  The  natural  outlet  of  this 
basin  is  to  the  northwest  through  the  Clove,  a  narrow  transverse  valley, 
almost  a  gorge,  with  a  depth  below  the  crest  of  the  serpentine  ridge  on  either 
side  of  over  a  hundred  feet.  On  the  southwest  side  of  the  Clove,  especially, 
the  serpentine  bed  rock  is  well  covered  with  bowlder  clay,  but  the  indications 
are  that  the  drift  is  not  very  deep  in  the  bottom  of  the  gorge.  In  fact,  there 
is,  apparently,  nothing  in  the  geological  conditions,  either  of  bed  rock  or 
drift,  specially  unfavorable  to  the  construction  of  the  dam  which  would 
convert  this  entire  basin  into  a  reservoir  with  a  flow  line  at  200  feet; 
although  a  flow  line  above  180  feet  would  also  require  a  small  and  easily 
constructed  dam  on  the  southeast  where  this  narrow,  transverse  valley  or 
clove  cuts  the  main  range  of  the  serpentine  hills  to  a  depth  equal  to  the 
elevation  of  the  pass,  or  180  feet.  The  Clove  Valley  is,  everything  con- 
sidered, a  somewhat  remarkable  topographic  feature,  the  origin  of  which  is 
probably  to  be  sought  in  a  stream  flowing  southeasterly  across  this  area  at 
a  time  when  the  serpentine  hills  were  completely  covered  by  the  Cretaceous 
and  Tertiary  sediments,  forming  a  smooth  coastal  plain,  sloping  gently  sea- 
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ward.  As  this  ancient  stream  cut  down  through  these  sedimentary  deposits 
it  encountered  the  resistant  serpentine,  into  which,  stimulated  by  a  consider- 
able fall  due  to  the  erosion  of  the  sedimentary  formations  southeast  of  the 
serpentine  hills,  it  cut  a  straight,  narrow^  notch  or  gorge.  Subsequently, 
when  the  land  stood  higher  than  now,  the  head  waters  of  this  hypothetical 
stream  were,  probably,  drawn  off  by  some  lateral  tributary  of  the  Hudson, 
perhaps  on  the  line  of  Kill  van  Kull,  the  downward  progress  of  which  was 
not  retarded  at  so  high  a  level  by  contact  with  the  head  rocks.  The  sub- 
sequent subsidence  of  the  land  has  submerged  or  drowned  all  the  deeper 
valleys  of  the  region.  That  a  slow  movement  of  subsidence  is  now  in  prog- 
ress there  is  abundant  evidence,  which  has  been  carefully  collated  by  Prof. 
Geo.  H.  Cook,  late  State  Geologist  of  New  Jersey,  in  his  report  for  1868, 

pages  343-373- 

This  hypothesis  should  lead  to  the  expectation  of  one,  if  not  two,  deep 
notches  in  the  rocky  rim  of  the  Clove  basin,  which  should  be  explored  by 
wash  drill  borings  when  considering  the  availability  of  a  portion  of  this 
valley  for  a  reservoir  site. 
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Notes  on  the  Geology  of  the  Sites  of  the  Proposed  Dams  in  the 
Valleys  of  the  Housatonic  and  Ten  Mile  Rivers. 

General  Geology. 

This  is  a  region  of  crystalline  rocks — granite  and  gneiss — with  narrow 
belts  of  limestone  and  mica  schist.  The  general  trend  of  the  formations  is 
approximately  north-northeast  and  south-southwest,  and  the  principal 
streams  exhibit  in  general  a  marked  tendency  to  follow  closely  the  easily 
eroded  bands  of  limestone,  this  rock  forming  at  most  points  the  bottoms  of 
the  valleys.  The  valley  of  the  Ten  Mile  river  is  excavated  in  an  exceptionally 
broad  and  persistent  belt  of  limestone  trending  in  a  general  north-south  direc- 
tion, and  the  much  narrower  limestone  band  of  the  Housatonic  valley,  with 
its  south-southwest  trend,  joins  this  at  the  confluence  of  the  two  rivers;  and 
this  is  just  the  point  where  the  Housatonic  river  turns  abruptly  to  the  south- 
southeast  to  forsake  the  limestone  and  pursue  its  devious  course  across  the 
hard  crystalline  rocks  of  southern  Connecticut  to  Long  Island  Sound. 

These  facts  point  very  distinctly  to  an  important  diversion  of  the  drain- 
age, and  it  is  probably  a  safe  conclusion  that  the  united  Housatonic  and  Ten 
Mile  drainage  once  continued  in  the  direct  Une  of  the  Ten  Mile  Valley  into 
what  is  now  the  basin  of  the  Croton  river.  The  vicinity  of  Webatuck  is  the 
same  critical  point  for  the  Housatonic  river  that  we  have  for  the  Connecticut 
at  Middletown,  where  it  leaves  the  broad  valley  of  soft  Triassic  sandstone  and 
shale  and  pursues  a  southeastward  course  to  the  Sound  across  the  much 
harder  granitic  rocks. 

This  means  that  during  the  Cretaceous  period  the  entire  region  was 
worn  down  to  an  approximate  base  level  or  peneplain  represented  roughly 
by  the  crests  of  the  existing  ridges  and  heights  of  land,  and  this  peneplain 
was  covered  at  least  as  far  north  as  Middletown  and  Webatuck  by  Cretaceous 
strata,  forming  a  plain  which  sloped  gently  seaward — south-southeast. 
Across  this  plain,  as  it  was  slowly  elevated  above  the  sea,  the  rivers  mean- 
dered seaward,  uninfluenced  by  the  structure  of  the  hard  rocks  beneath.  In 
a  comparatively  short  time,  geologically  speaking,  this  cover  of  soft  Cre- 
taceous sediments  was  worn  away  and  the  rivers  were  let  down  upon  the 
hard  surface  of  the  peneplain,  and,  although  finding  themselves  out  of  sym- 
pathy with  the  geological  structure  at  most  points,  they  have  been  obliged 
to  hold  to  these  courses  ever  since.  We  are  thus  able  to  account  for  the  fact 
that  the  Housatonic  river  turns  abruptly  from  the  belt  of  limestone  in  which 

• 

its  valley  is  excavated  for  manv  miles  to  the  northward  and  cuts  obliquely 
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through  a  massive  rido^e  of  granitic  and  gneissic  rocks,  the  valley  narrowing 
to  a  gorge  as  it  enters  the  harder  formation. 

According  to  this  view,  the  Croton  watershed  is  only  the  lower  part  of 
a  drainage  system  which  once  extended  northward  into  Columbia  County 
and  into  Berkshire  County,  Massachusetts.  That  the  Croton  V^alley  has  been 
beheaded  at  Pawling,  the  present  water  parting  of  the  Croton  and  Ten  Mile 
drainage  systems,  is  very  obvious.  We  find  here  a  broad,  level  north-south 
valley  which  is  out  of  all  proportion  to  the  insignificant  streams  which  now 
flow  sluggishly  through  it  and  pose  as  its  architects ;  and  the  divide,  which  is 
also  the  site  of  Pawling  Village,  is  almost  imperceptible. 

The  relative  narrowness  of  the  valley  of  the  Housatonic  river  above  its 
junction  with  the  much  smaller  Ten  Mile  river,  and  the  fact  that  in  the  Town 
of  Cornwall  it  crosses  an  important  area  of  granite,  suggest  that  it  may  have 
once  pursued  the  more  direct  course  offered  by  the  broad  band  of  limestone 
which  leaves  the  present  valley  of  the  Housatonic  in  the  vicinity  of  Falls 
Village  in  Canaan,  Conn.,  and  extends  southwesterly  via  Lime  Rock  and 
Sharon  to  the  Ten  Mile  as  the  floor  of  a  broad,  continuous  valley  in  which 
we  now  find  no  commensurate  stream. 

One  of  the  most  striking  and  significant  features  of  these  valleys,  and 
especially  of  the  broad  lower  valley  of  the  Ten  Mile,  is  the  fact  that  the  imme- 
diate valley  of  the  river  is,  at  most  points,  a  comparatively  narrow  and  steep- 
walled  gorge  cut  to  a  depth  of  a  hundred  feet  or  more  in  the  broad  and 
approximately  level,  or  only  moderately  undulating,  floor  of  limestone  from 
a  mile  to  tw^o  miles  wide  between  the  main  valley  walls  of  schist  and  granite. 
This  broad  limestone  terrace,  which  is  developed  chiefly  between  the  con- 
tours of  400  and  500  feet  and  is  most  noticeable  w-hen  viewed  from  its  level, 
clearly  represents  a  partial  development  in  this  latitude  of  the  Tertiary  pene- 
plain. In  Tertiary  times  the  rivers  w^ore  down  these  limestone  bands  to  an 
approximate  base  level,  and  the  gorge  or  modern  channel  as  clearly  records 
the  renew^al  of  the  erosive  power  of  the  rivers  due  to  the  strong  elevation  of  the 
land  at  the  beginning  of  the  great  ice  age.  These  inner  valleys  or  gorges  are 
a  normal  phase  of  all  the  larger  valleys  of  the  glaciated  zone ;  but  in  many 
districts,  and  almost  universally  near  the  coast,  they  are  filled  with  glacial 
drift  and  thus  obliterated  as  topographic  features. 

The  fact  that  the  gorges  of  the  Housatonic  and  Ten  Mile  rivers  are  but 
slightly  encumbered  by  drift,  the  solid  bed-rock  forming  the  immediate 
bottom  of  the  channel  at  many  points,  is  of  very  obvious  importance  in  its 
bearing  upon  the  construction  of  the  proposed  dams  in  these  valleys. 


S84  Appendix  No.  i6. 

Another  fact  of  particular  importance  and  interest  in  the  history 
of  the  Ten  Mile  river,  and  especially  in  its  bearing  upon  the 
geological  conditions  at  the  site  of  the  proposed  dam,  is  the  dis- 
tinctly retrograde  course  of  the  south  branch  of  the  Ten  Mile 
(Swamp  river)  for  five  miles  in  an  air  line  from  near  Wing  (South 
Dover  Station)  to  its  confluence  with  the  north  branch  or  main  river  a  mile 
and  a  half  south  of  Dover  Plains.  At  Wing,  Swamp  river  is  only  a  short 
mile  from  the  Ten  Mile  at  South  Dover  (see  map),  and  yet  its  waters  flow 
five  miles  north  and  then  five  miles  south  to  reach  that  point.  This  extremely 
retrograde  and  roundabout  character  of  the  valley  is  a  plain  indication  that 
the  drainage  has  been  diverted  from  its  normal  direct  course  by  a  drift  barrier 
between  Wing  and  Webatuck.  To  determine  with  certainty  the  precise 
course  of  this  ancient,  drift-filled  channel  through  the  dividing  ridge  would 
require  a  series  of  borings.  A  careful  examination  of  the  ground  makes  it 
probable,  however,  that  the  buried  channel  either  follows  the  general  course 
of  the  road  between  Wing  and  South  Dover,  keeping  a  little  to  the  west  of 
the  road,  or  taking  a  more  direct  course  from  Wing  to  Webatuck,  it  follows 
quite  closely  the  base  of  the  steep  southeastern  slope  of  the  valley,  cutting 
the  dividing  ridge  at  the  saddle  or  depression  near  its  southeastern  end. 

The  Ten  Mile  river  is,  in  this  vicinity,  fully  sixty  feet  below,  the  level  of 
Swamp  river;  but  it  is  quite  unnecessary  to  suppose  that  the  buried  channel  is 
a  deep  gorge,  dividing  the  ridge  approximately  to  the  level  of  the  Ten  Mile. 
A  more  probable  view  is  that  the  Swamp  Valley  holds  the  relation  of  a 
hanging  valley  to  the  Ten  Mile  Valley,  this  small,  northward-flowing  tribu- 
tary having,  for  obvious  reasons,  failed  to  keep  pace  with  the  main  stream  in 
deepening  its  valley  during  the  preglacial  elevation  of  this  region,  when  the 
ancient,  base-leveled  valley  floors  were  trenched.  This  unequal  or  differen- 
tial erosion  of  the  valley  floors  involved,  of  course,  the  development  of  a 
waterfall  or  series  of  rapids  of  gradually  increasing  height  at  the  mouth  of 
Swamp  river. 

The  small  volume  of  this  short  stream,  and  the  fact  that  it  has  been  from 
the  beginning  of  its  history  an  example  of  reversed  drainage  in  a  broad,  flat- 
bottomed  valley,  warrants  the  conclusion  that  the  floor  of  the  valley  has  always 
been,  as  now,  more  or  less  of  a  swampy  character,  and  that  it  has,  conse- 
quently, been  deepened  more  through  the  quiet  solution  of  the  limestone  by 
swamp  waters  than  through  the  active  corrosion  of  its  bed  by  the  stream  itself. 
We  are  thus  able  to  explain  the  broad  and  shallow  character  of  the  part  of 
this  valley  attributable  to  Swamp  river. 
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When,  during  the  melting  of  the  great  ice-sheet,  its  southern  margin 
receded  north  of  the  divide  at  Pawling,  the  upper  valley  of  Swamp  river  was 
occupied  by  a  shallow  glacial  lake  to  which  superglacial  and  subglacial 
streams  were  tributary  and  with  its  outlet  southward  at  Pawling  into  the 
upper  valley  of  Croton  river.  As  the  ice  margin  continued  to  recede  north- 
ward the  glacial  lake  increased  in  area  and  depth,  and  the  glacial  streams 
deposited  in  it  large  amounts  of  sand  and  gravel,  to  a  considerable  extent  in 
the  form  of  gently  sloping  delta  plains.  It  is  probable  that  the  ice  lingered 
in  the  deeper  Housatonic  Valley  until  it  had  disappeared  from  the  main  part 
at  least  of  the  Ten  Mile  Valley.  Thus  was  anticipated  the  proposed  reservoir 
in  this  valley ;  the  drainage  was  once  more  tributary  to  the  Croton  basin  and 
the  Hudson,  and  the  fact  that  the  drift  of  the  Ten  Mile  Valley  below  the  level 
of  the  pass  at  Pawling  is  modified  (washed  and  stratified)  is  readily  explained. 
Above  this  level  the  drift  is  mainly  unmodified,  bowlder  clay  taking  the  place 
of  sand  and  gravel.  The  modified  drift  which  now  encumbers  and  diversifies 
the  bed  of  this  temporary  lake  has  a  high  degree  of  porosity  and  would  thus 
add  materially  to  the  capacity  of  a  reservoir  flooding  this  area.  The  deposits 
of  modified  drift  in  the  Housatonic  Valley  appear  to  be  less  extensive,  and 
may,  perhaps,  be  attributed  to  marginal  glacial  streams,  the  conditions  having 
been  less  favorable  for  the  damming  of  the  valley  by  an  ice  barrier. 

Site  of  the  Proposed  Dam  in  the  Housatonic  Valley, 

The  site  of  the  proposed  dam  in  the  Housatonic  Valley  is  about  one 
mile  south  of  the  Village  of  Merwinsville,  at  the  point  where  the  river  finally 
leaves  the  belt  of  limestone  and,  turning  more  to  the  southeast,  enters  a  gorge 
in  the  hard  crystalline  rocks. 

The  rock — a  hard  biotite  (black  mica)  granite,  largely  of  gneissoid 
aspect — outcrops  in  massive  ledges  at  or  near  the  water's  edge  on  either  side 
of  the  river,  and  rises  boldly  to  elevations  of  500  to  600  feet  above  the  river. 
On  the  southwestern  slope,  naturally,  some  glacial  drift  has  lodged,  and  a 
talus  of  large  angular  blocks  of  granite  and  gneiss  testifies  to  the  steepness 
of  the  slope.  It  is  very  evident,  however,  that  the  hard  and  massive  bed-rock 
comes  to  or  very  near  the  surface  to  at  least  as  great  a  height  as  the  top  of 
the  proposed  dam.  On  the  northeast  side  the  drift  is  thin,  and  the  outcrops 
of  the  granitoid  rock  are  bold  and  massive,  affording  an  ideal  foundation  for 
the  proposed  dam.  We  may  be  very  confident  that,  on  both  sides  of  the 
river,  the  bed-rock  is  more  solid  and  unbroken  where  it  is  covered  by  drift 
than  where  it  is  exposed,  owing  to  the  protection  afforded  by  the  drift,  espe- 
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cially  against  frost  action.  The  narrow  bench  or  terrace  on  the  northeast  side 
of  the  valley,  at  an  elevation  of  about  loo  feet,  appears  to  mark  the  upper 
limit  of  the  modified  drift  (washed  gravel) ;  and  there  can  be  no  doubt  that 
below  this  level,  especially,  the  bed-rock  surface  is  water-worn,  smooth  and 
hard  to  the  very  bottom  of  the  valley. 

I  see  no  reason  whatever  to  doubt  that  the  massive  granite  and  gneiss 
whick  are  of  essentially  the  same  character  on  the  opposite  sides  of  the  river, 
are  continuous  under  the  river,  which  has  simply  cut  a  notch  in  a  previously 
continuous  ridge  of  these  resistant  rocks;  but  the  depth  of  the  bed-rock  sur- 
face under  the  river  must  be,  in  the  absence  of  borings,  largely  a  matter  of 
conjecture.  The  narrowness  of  the  valley  at  this  point  suggests  that  the 
depth  is  probably  not  great;  and  the  comparative  abruptness  with  which  the 
bed-rock  rises  from  the  water,  especially  on  the  southwest  side,  indicates  that 
the  gorge  which  trenches  the  bottom  of  every  important  valley  in  this  lati- 
tude, and  dating  from  the  strong  uplift  of  the  land  at  the  beginning  of  the 
glacial  period,  is  here  only  partially  filled  with  drift,  and  not  wholly  buried. 
The  gorge  is  likely  to  be  rather  flat-bottomed  (U-shaped),  but  deepest  on 
the  southwest  or  concave  side,  the  maximum  depth,  to  hazard  a  guess,  being 
possibly  twenty  feet  below  the  level  of  the  river,  but  probably  less  than  that. 
The  shallowness  of  the  gorge  finds  corroboration  in  the  ledges  of  limestone 
crossing  the  river  a  mile  and  a  half  or  so  above  the  dam  site,  and  at  several 
other  points  before  we  reach  Bull's  Bridge,  three  miles  above  the  dam  site, 
where  the  river  falls  over  massive  ledges  of  limestone  in  a  gorge  averaging 
not  more  than  twenty  feet  in  depth  on  either  side  of  which  the  limestone  is 
well  exposed  across  the  broad  floor  of  the  valley  between  the  bounding  ridges 
of  granite. 

Near  the  top  of  the  ridge,  on  each  side  of  the  river  at  the  dam  site,  but 
especially  on  the  northeast  side,  the  conditions  appear  to  be  very  favorable 
for  opening  a  quarry,  from  which  could  be  obtained  in  abundance  large  and 
shapely  blocks  of  granite  suitable  for  use  in  building  a  large  part  at  least  of 
the  dam. 

Site  of  the  Proposed  Dam  in  the  Ten  Mile  Valley. 

The  proposed  dam  site  in  this  valley  is  about  half  a  mile  above  the  Vil- 
lage of  Webatuck,  the  valley  is  quite  narrow  and  wholly  in  limestone,  which 
forms  a  nearly  precipitous  bluff  near  the  north  bank  of  the  river,  and  a  more 
gradual  slope  on  the  south  side.  There  is  but  little  drift  at  this  point,  and  the 
solid  limestone  ledge  comes,  practically,  to  or  very  near  the  surface  all  the 
way  from  the  top  of  the  hill  on  either  side  down  to  the  narrow  flood  plain  of 
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the  river.  The  surface  appearances  are  favorable  to  the  view  that  the  pre- 
glacial  gorge  is  only  partly  buried,  being  represented  by  the  existing  surface 
contours,  and  the  bluff  indicates  that  the  axis  of  the  gorge  is  toward  the  north 
side  of  the  valley,  where  the  depth  may  be  ten,  or  possibly  twenty  feet  below 
the  present  bed  of  the  river.  The  probable  shallowness  of  the  gorge  is  con- 
firmed by  the  ledge  on  which  the  dam  at  Webatuck  is  built  and  the  ledges  to 
be  seen  in  the  bed  of  the  river  below  the  dam  at  South  Dover. 

The  buried  or  drift-filled  gorge  of  Swamp  river  previously  referred  to  ■ 
may  lie  to  the  south  of  this  dam  site;  and,  if  so,  it  could  be  readily  located 
and  profiled  by  borings.  It  is  a  safe  assumption,  however,  that  it  is  filled 
with  impervious  bowlder  clay,  which  must  have  a  horizontal  thickness  or 
breadth,  at  the  very  least,  of  one-fourth  of  a  mile ;  and  it  may,  therefore,  be 
regarded  with  as  little  apprehension  as  if  it  were  solid  ledge. 

Massachusetts  Institute  of  Technology,  1 

Department  of  Geology,  [■ 

March  10,  1900,  ) 
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